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Weird world wonders, page 26 
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Dave 
Editor-in-Chief 
I’m old enough to 

remember the 
1980s, sol was a 
massive fan of 
Airwolf as a kid. 
Hence, the main 
feature on attack 
helicopters has 
got me ina spin 
this issue! 





Katy 
Research 
Editor 
If the Moon 
doesn’t explode, 
the Sun eventually 
will - but we 
might face 
asteroid oblivion 
first! Meet our 
violent universe 
on page 64. 


Meet the team... 





Jack 
Senior 
Staff Writer 
I’ve only recently 
recovered from 
my $1,500-a-day 
Fabergé egg habit, 
but it was 
fascinating to 
discover the 
history of these 
rare ornaments. 





A wy X 
James 
Staff Writer 
Imagine a world 
where we can 
generate power 
with artificial 
leaves. Find out 
how scientists are 
developing amazing 
technology inspired 
by nature over on 
page 52. 
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‘This geometric landscape 
formed over millions of years of 





Duncan 
Senior 
Art Editor 
I’ve jusst reccently 
had my ammazing 
neww high-techh 
mmmaagnetticc 
fffingggger 
tthey arre takingg 
soomee gettingg 
ussed toool! 





Laurie 
Assistant 
Designer 

Want an example 

of team work? It 
takes Formula One 
crews less than 
three seconds to 
turn a car around 
on race day - that 
crew moves 
seriously fast! 





If, like me, you're no stranger 
to thrilling your friends with 
comments about the defined 
sedimentary layers ofa cliff 
face, then you'll love this 
month’s environment feature. 
Unleash your inner geologist as we explore the 
planet’s strangest rock formations in ‘Weird world 
wonders’. From the imposing monoliths of Uluru 
and Devils Tower, to the otherworldly terrains of 
the Giant’s Causeway and Pinnacles Desert, you'll 
find plenty of places to add to your travel wish-list. 

This issue, Jack tackles transport to tell us all 
about the tech on board attack helicopters, while 
our new writer, James, explains how nature can 
inspire simple solutions to our science and 
engineering problems. 

Also this month, we explore the DIY-biotech 
revolution of biohacking, take a tour of the 
extravagant Palace of Versailles, and bring alittle 
existential dread to the magazine with our space 
feature, ‘Cosmic catastrophes’, on page 64. 

Enjoy the issue! 


Jackie Snowden 


FOLLOW US... @How It Works magazine ©@HowltWorksmag clase Deputy Editor 
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izJ very dangerous place 
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Anatomy of a manta ray Be 


(2 The Soyuz spacecraft 


‘4 The Palace of 


Versailles 
40 Hacking the Take a tour of a palace fit for 
the Sun King 
human body 7 ; 
The DIY-biotech revolution “6 Faberge eggs 
revealed 
Seige of Tyre 


47 Candy floss machines - 
: 7 | 80. The first colour film 
rosted glass 
Who were the canary 
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Smile-detection tech 81 Medieval jobs 

49 Garbage disposal units 82 Constructing the 

50 Xbox One S teardown Thames Tunnel 
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52 Science inspired The Soyuz : : : 
by nature Spacecraft | Medieval 
Why we're taking a leaf out of | i~ sa jobs 
evolution’s book | , 
Meet the experts... 
Jonathan Laura Mears Joanna Stass Laurie Stephen 
O’Callaghan Laura reveals how This month, Jo takes a Winkless Ashby 
This issue, Jonny talks us ‘piohackers’ are . & world tour of Laurie explains In this issue, tech 
' through the dangerous changing what it ‘a A geological wonders in | how pressure wizard Steve 
_* — and deadly events that means to be human yh our environment cookers produce explains the inner 
~ WAL occur throughout the by augmenting their ri feature. She also delicious meals in ~ . workings of the 
universe in ‘cosmic catastrophes’. He — bodies with tech. She also warns reveals the differences between mere minutes. She also takes to new Xbox One S. He also 
also explains how the Soyuz has us about the harm of wearing high tree kangaroos and their the skies to find out how gliders reviews some of the latest 
survived nearly 50 years in service. heels on page 63. land-dwelling relatives. fly without engines. knowledge book releases. 
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Global eye 
Amazing science and tech stories 
from around the world 


Brain dump 
The place where we answer your 
most curious questions 


Book reviews 
Check out the latest releases for 
inquisitive minds 


How to... 
Create a levitating orb and make 
a funnel roll uphill 


Letters 
Our readers have their say on all 
things science and tech 


Fast facts 
Amazing trivia that will blow 
your mind 
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The LED-lit 

circuit poses 
a variety of | 
CotateliKevareliare) 
obstacles for 
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navigate 
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More and more people are piloting their 
(o)(Vaamenceyalcropmrtseuleemercbamerlotcrom o) cele) (-veers 
in crowded cities. Luckily, Chinese 
company DjI has a solution, in the form of the first 
indoor drone arena. Based in the city of Yongin, 
South Korea, the futuristic-looking circuit 
welcomes both rookies and experienced UAV 
(unmanned aerial vehicle) pilots, as12 drones ata 
time can enter the 1,395-square-metre arena. 
South Korea has a thriving drone culture, and 
the centre will also educate budding drone 
enthusiasts on the fast-growing hobby. The DjI 
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Talefere) mel ge)i (Belen 


A high-tech circuit built solely for drone practice has opened in South Korea 


Arena is packed full of tech, and the innovative 
LED-lit circuit provides a tricky training course 
for pilots. 

The circuit is kitted out with LCD screens that 
give a first-person view of the drone, as well as 
charging docks and an area to carry out repairs to 
any broken UAVs. There are even safety nets that 
sVe00 me) celicrem-Denvmenaeyelccmmetclmeentedelmatsrsloneyil 
course. For amateur flyers, there is a private 
training room where an experienced drone pilot 
is on hand to give one-to-one lessons. The drone 
used to teach children the basics of UAV handling 
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is the Phantom 4, which boasts features like 
ActiveTrack, TapFly and obstacle avoidance. 

The arena provides a safe environment where 
drones can be flown without fear of adverse 
ATNV(Sre 1 olay mere alonlmeyetsmer.beet.teabetemaelomncrelevele)loycavmeye 
causing a nuisance in public areas. Events 
currently range from individual bookings toa 
flying academy and school tours, and as more 
and more pilots use the DJI Arena, there will be 
scope for different flying experiences. There’s 
even talk of the prospect of an indoor drone- 
racing track in the future. 
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provides a safe environment 
= ere drones can be flawn without 





ine ee 


‘Gnuisonce In public areas” 


Teeeoe 
rae wee 





op 


— a a A __ 





eagles 





|B} coyelersxercbell eters! 

threat to safety and 

security, so some 

Cobb elae(e are As well as the eagles, the DNP 
ibeave)(ayeateveluverss are also using electromagnetic 
innovative tactics to CORAL ae 


keep the skies UAV-free 


In a unique programme, the Dutch National Police (DNP) has imported and 
trained North American bald eagles to snatch troublesome UAVs from the sky. 
The new approach comes after a rise in the use of civilian drones and the birds of 
prey will be instructed to attack any that appear to represent a security threat. 
The eagles are trained to use their razor-sharp talons to attack the drones. 
Seeing it as prey, they first disable their target before taking it a safe distance 
away from crowds and buildings. There is some concern about the damage 
spinning propellers could do to the eagles themselves, so the birds have been 
given claw protectors that will prevent injury to the eagles’ feet when in the line 
of duty. The DNP is the only police force in the world to have undertaken this 
unique anti-drone measure, but others may soon follow. 
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Earth’s closest 
exoplanet is thought 
to be a rocky world 
late] mexele] (eM al-\ em I(e [8] (| 
water on its surface 





CLOSEST EARTH-LIKE 





PLANET FOUND 





Scientists discover our nearest habitable world outside the Solar System 


pAVeM=y:Cooimbetemacantaelcavcllojeyentsyelmeanuals 
search for alien life has been found right 
on our doorstep, although it’s still a bit 
too far away to visit. The potentially habitable 
planet Proxima b has been discovered orbiting 
Proxima Centauri, our closest star after the Sun. 
However, while in space terms it’s pretty close, itis 
still 43 light years (40 trillion kilometres) away, a 
distance it would take current spacecraft 
thousands of years to travel. 

WM ol=po)tcbalcjm conn acebredalmconeleuetcloyiecle)(cmelsye-lbtcp is 
lies within a Goldilocks zone, an area around a 
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star where temperatures are not too hot or too cold 
for water to exist in liquid form. Proxima bis 
actually much closer to its host star than Earth is 
to the Sun. However, Proxima Centauriis ared 
dwarf star, smaller and dimmer than our own 
Sun, and therefore provides the exoplanet with 
similar conditions to Earth despite its proximity. 
Before we get excited about meeting little green 
men or other forms of alien life though, there’s a 
potential problem. Scientists do not yet knowif 
Proxima b has an atmosphere, which would be 
shoal olevarcbalmce)macitsDeebeetemualcualcr-im-belemecacicielccBie)e 


at mel (ema (= V4 

Lt i] 
find it? 
Proxima b was discovered when astronomers 
rake)alexsiemr- nu] a\val ey-le1.cr-]alecice)auamy\(e)e)e)(=Me)mual=Boii-l g 
Proxima Centauri. Using the ESO 3.6-metre 
i=) (=soXore) oko Ma @7 ay I (=H uals) maleld(excle Maal] are] Mal aa stoe 
the star would approach Earth at about five 
rl Kolaalsuassom ols) am alee] om dais) amasversve(s¥-] mual=mcy-] ale 
speed. This regular pattern of movement 
repeated every 11.2 days, and careful analysis 
showed it was caused by the gravitational pull 
of an orbiting planet. Now the focus is on 
getting a direct image of Proxima b and 
detecting if it has an atmosphere, which should 
be made possible by the next generation of 
telescopes that are currently in development. 


The ESO 3.6-metre telescope in Chile detected / | 
a wobble of nearby star Proxima Centauri 


liquid water to exist, and is also needed to protect 
any potential inhabitants from the high energy 
radiation blasting from its highly active host star. 

There’s also the fact that we won't be stepping 
foot on Proxima b any time soon, although 
Russian entrepreneur Yuri Milner and physicist 
Stephen Hawking are working on it. Their 
Breakthrough Starshot initiative has been set up 
Kee (cai(c)ojoneravent-bebelcre ered elceyaejercli(cemat-veleacslar 
capable of reaching Alpha Centauri, the star 
system to which Proxima Centauri belongs, ina 
matter of decades. 
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GLOBAL EYE 


NEWS BY 
NUMBERS 


The days spent on board the 
ISS by the three Expedition 48 
astronauts who returned to 
Earth on 7 September 


The oxygen demands of a 
fat-tailed dwarf lemur drop to 1 
per cent of their usual levels 
while hibernating 


The number of teams taking 
part in the first Cybathlon, or 
‘bionic Olympics’, this October The Tesla Model S P1lOOD 


Fir) Yon wa lem (o)ale (et) w=] plel= 


Tesla gets quicker en le. 


The new electric Model S is the fastest accelerating production car.ever produced 


The new 1,500m Paralympic PAN id ololbeed oBimusrelebanleclinr@cclccmoy-Jepelomuels Therefore, Tesla is claiming the top spot for its pure 
world record set by Algeria’s LaFerrari and Porsche 918 Spyder when electric, all-wheel drive seven seater. When switched to 


SCIEN BELG ens IRle: ACH competing for the quickest production cartitle, _.Ludicrous’ mode, a battery pack and electronics upgrade 
It was 1.7 seconds faster 


than the Olympic record! the new Model S P100D is the only one of the three that that boosts the car’s power, it can go from zero to 97 
(ore DaWolen orelered elmatcanvar-balo ny (0)emm ees mOlUE-Basveeile ane le)lt-bess kilometres per hour in 2.5 seconds. 


Lucy’s fall may 
KeVate ci0] 0) fe) a mm Ke) 
the theory that 
Vatol(=lalmalelaat<lars 
spent a lot of 
time in trees 


Lucy fell 
from a tree 


sWatsDanicics)aiacielacelureronnars ~~ ay a Rem 
our famous ancestor's a | 


death has been solved df Dogs un de a 


Lucy, the name given to 


LU id o(one) (olccim-belomeslescii | , . a : human speech 


complete sce eae The canine brain can register what you 
erect-walking, adult human 


ancestor ever found, most likely i oe igi Say, not just the way you Say it 


died after falling from a great Z yy) Ifyou tell a dog to ‘sit’, you might think they're 
height. Researchers studyingthe = : ~ yD just responding to the intonation, or pitch, of 
fossil have found a fracture in the ja Se your voice, but a new study has revealed the 
atdelm-veetmmer-imargey(eclibaeiaaeres * - a truth. Scientists played dogs recordings of their trainers’ 
when someone reaches out to | 2 voices using multiple combinations of vocabulary and 
break a high velocity fall from a ti. ak | intonation for both praising and neutral commands, then 
height of more than 12 metres. This ae ie analysed their brain activity using an {MRI machine. Not 
has led them to believe that Lucy to only did they find that the animals processed each word 
probably fell while foraging or ; a Es q regardless of intonation, but they did so using the same 
seeking refuge in a tall tree. hci ; brain regions as humans. 


© Alamy; Triumph Motorcycles; Thinkstock; Tesla; ESO,M. Kornmesser; ESO,B. Tafresh 
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Cockroach milk could be 
a new ‘superfood’ 


Imagine you’re in need of some high-calorie, nutritious 
milk, and rather than heading straight for the dairy aisle, 
you opt for the cockroach milk variant instead. This 
bizarre scenario could soon be commonplace, as 
researchers in India have found that a formula produced 
by the Pacific beetle cockroach - which it uses to feed 
its unborn young - is rich with a unique protein that 
makes it four times as nutritious as dairy milk. 


Tasmanian 
devils are 
evolving at 
super speec 


NW icles] ere] alex= cee love | 
swept through Tasmanian devils, 
wiping out approximately 80; wer 
cent of the population. This intense 
selection pressure has meant that 
uateuc=)parelialiarep ere)elelrlace)ame-le)(e)\ 
reWWe) \V(=\e Mire) ave Mu a(=)| me |= 1ale)galssomm nat 
complete set of genes or genetic 
material present in the orga 5, 
are now distinctly diffe 
their ancestors from ju i 
ago. Genetic changes in two. — 
regions - thought to. be So ge , 
MiitaKer-laecslar-lacehaat-Wlnalpalelp\-uaee . 
response - have allowed the devils 
iro i(e] nim oy-(e1.@-(ey-l nim talicwe(cy-(6) \Vau 
threat to their existence. 
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Otherworldly 
Signal may not be 
from aliens 


Russian scientists revealed a ‘strong 
signal’ that was received by the 
RATAN-600 radio telescope. Its source 
was an alien world 95 light years away 
- or so we thought. Astronomers have 
asserted that unrealistic amounts of 
power would be required for a signal to 
reach Earth from that distance, and a 
spark from a power line could have 
interfered with the 2 ah 


Te 


4 mf eee TANG rs 




















A Mars simulation kept 
scientists isolated for a year 


Six people have emerged after a year of confinement ona 

MEW Zell tela vce) ers] avoMm (ae) ce(-)aicoMy[anle|i-le-mant-Moxe)atelin(e)a\-Me)moM lliKele 
Mars, the crew were only permitted to explore the Red 
Planet-like terrain in spacesuits, and spent the rest of their time 
inside a solar-powered dome with restricted internet access 

Fe} are m= Mel(=1 em alsy-\ VI Naa) it] alme)ame(=la\yel@-]ko\em-laleMer-lalaiclemrelele(-e 
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British scientists 
solved the global 
chocolate crisis 


Production of cocoa is on the decline. But 
researchers from Bangor University have 
announced that mango butter has similar 
chemical, physical and thermal properties 
to cocoa butter, and could be used as a 
replacement. Due to its higher moisture 
content, the alternative could even 
produce lower-fat chocolate. 


A ‘blue whirl fire 
tornado could clean 


up oil spills i Giant pandas are no 
Fire tornados are spawned when a flame is caught in a long er end a ngered 


whirling column of air, and are capable of devastating 

destruction. The ‘blue whirl’ appears when the flames The number of giant pandas in the wild has now 

are able to react with enough oxygen to combust surpassed 2,000, thanks to conservation efforts in their 
completely, meaning they don’t produce any soot. homeland of China. This has led their status to be 

This could be used to help clear oil spills, by burning downgraded from ‘endangered’ to ‘vulnerable’. By banning 
away the layer of oil cleanly and efficiently. poaching, protecting forests and introducing new 


reforestation measures, the panda’s habitat is now a 
We can make larger and safer place. 
ice cream that 


doesn’t melt ; : 
Racing to finish a melting ice cream is a Finches quench thirst 


problem that may soon be behind us. By with datcll p own fat 


adding a protein that is found ina 

Japanese fermented soybean dish known Zebra finches are native to the hot climates of 

as ‘natto’, which binds together the fat, Australia, and are the first birds shown to be able to 
water and air in the ice cream, Scottish break down fat cells to keep themselves hydrated 
scientists have found a way to keep the when deprived of water, allowing them to preserve 
frozen treat solid for longer. precious muscle tissue. 


Crystal gardens 
could lead us to 
the origins of life 


Hydrothermal vents on the sea floor allow 
life to flourish, even at depths where light 
cannot penetrate. Chemical imbalances 
around these vents cause minerals to build 
up into a ‘garden’ of crystal structures, that 
may have played a role in the origin of life 
on Earth - and perhaps on other planets, 
too. Scientists have re-created miniature 
crystal gardens in glass jars to observe 
how this process could have unfolded. 


© Thinkstock; Alamy; NASA; University of Maryland; WIKI 
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A Chinook is big enough for two Land Rovers to fit inside it 


The AH-64 Apaci 
roy at=me) mm dat-maale) 


iconic and suc | 2 . - , oo | i a ¢ “Many new 


attack helicopt 


gunships were 
constructed 
as the 
Cold War 
escalated” 





The V-280 Valor will attempt to make attack 
helicopters faster and stronger than ever before 


he modern ee ~) 
attack helicopter is 


the complete military machine. 

Cutting through the air with titanium blades, 
loaded up with missiles anda cockpit full of 
advanced technology; they are true terrors of the 
sky. Atank’s worst nightmare, the rise of attack 
helicopters has revolutionised the battlefield. 

The idea of rotary wing military aircraft was 
first toyed with during the early years of World 
War II but it wasn’t until 1942 that they reached 
prominence. That year the US War Department 
proposed a new idea. It was called ‘organic Army 
aviation’ and, separate from the Air Corps, it was 
tasked with developing helicopters. Various new 
designs, including the revolutionary Sikorsky 
R-4, were created but it took until the Korean 
War for helicopters to really take off. Infantry 





Attack 

Commonly known as gunships, 
attack helicopters come armed 
with a multitude of rockets, 
missiles and chain guns. The 
AH-64 Apache specialises in 
disabling tanks. 





and cargo could now be ferried in and out of Transport 
battle rapidly and invasion forces could engage Supplies and troops can be 
: : quickly whisked in and out of 
the enemy much more effectively from the air. aie 
; war zones. A popular design is 
Helicopters were integral to US operations in the the CH-47 Chinook which has a 
rough terrain of Korea and by the time of the primary role in heavy troop and 


supply transport. 





Vietnam War, the iconic Bell UH-1 Iroquois was 
used extensively. The ‘Huey’ ushered ina new 
era of air cavalry, as helicopter weaponry 
became more sophisticated. 
Military helicopters were also designed to 
serve ina purely offensive capacity and the 


Multi-role 
State-of-the-art navigation 
and communication systems 
allow helicopters to assist 


hah ia mi VE a y —f 4 almost any mission. Their 
; F Kt ‘> roles range from observation 
attack helicopter was born. Many new gunships ae 
were constructed as the Cold War escalated. “aaa in a 
These included the American Piasecki H-21 and 


to search and rescue. 















Bell AH-1 Cobra and the Russian Mil Mi-24. In Maritime 
1986, the Boeing AH-64 Apache emerged asa Maritime helicopters — 
template that other armed forces tried to provide ivallabie acta! 


support out at sea. The 
replicate, and helped bring an end to the Sikorsky SH-60 Seahawk 


dominance of tanks on the battlefield. As more takes off from aircraft 
breeds of attack helicopter took to the skies, it EP atrie algnr gate ane 
can take down submarines 
became clear that these versatile vehicles could with its MK 54 torpedoes. 
: assist the military in many ways. This led to the 
advent of dual and multi-role helicopters. 


In recent years, attack helicopters have been 





| Helicopters like the 

| Aérospatiale Gazelle are 

_ used to investigate unknown 
terrain. They are sent ahead 
of the front line to inspect 
what lies in wait for the 

ground forces. 


equipped with ever more advanced systems that 
have improved efficiency, aerodynamics and 
performance. The array of tech on offer is truly 
astonishing, but there is still room for further 
progress. Join us as we examine what’s on offer 
for the future of the world’s best attack choppers. Va 


























© Steve Breslin; Thinkstock; WIKI; Illustrations by Nicholas Forder 
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THE T : GE R The all-action attack gunship that is a 

key player in modern aerial warfare 
Aheavy-hitting, relentless attack dog,the Airbus highly accurate GPS systems, and electronic ; 
Mast-mounted sight 


Helicopters Tiger has both the armament and countermeasures. It specialises in anti-tank Electronics company SAGEM 
performance capabilities to dominate the missions but the Tiger’s flexibility means that supply the Osiris sight that 
battlefield. During the Cold War, it was it can handle a variety of roles. The image acts as a forward looking 
developed in order to respond to any potential below is of an HAD combat helicopter but sidecases ae ane 
attacks on Western Europe by the USSR. The other models include the UHT multi-role fire 

subsequent collapse ofthe Soviet Unionmeantit support, ARH Armed Reconnaissance and 

never saw active battle service in that era, but HAP combat support. It has been deployed 

France and Germany continued to work on the in battle in Afghanistan, Libya and Maliand 
























helicopter regardless. Today, the Tiger is fully is currently in service for France, Germany, 
equipped with innovative stealth technology, Spain and Australia. 

Target trackin 
Blades ss 7 


The roof-mounted sight features a 
camera, thermal imaging and a laser 
tracker, and is stabilised by gyroscopes 
for a steady aim during flight. 


Made from a fibre-composite 
construction, the four rotor 
blades are both light and durable. 


Firing systems 

The gunner has a choice of 
acquiring targets through manual 
sight or automatic tracking. 


Ty 


A modern 
attack 
helicopter 


The Tiger boasts some 
incredible technology that 
strikes fear into its adversaries 


Interface 
Both the pilot and aft-seated 
gunner have a pair of LCD 
displays that provide sensor 
data and are used to interact 
with the Tiger’s systems. 


The Tiger’s flat and narrow 
silhouette makes it less 
vulnerable on the battlefield 






Advanced cockpit 


“The fuel tanks The pilot is assisted by an 


automatic flight control system Cockpit 


Ore self- sealing that lessens the workload during The Tiger’s tandem cockpit 
d | = long, strenuous flights and allows the pilot and the aft-seat 
‘a lM eC xX p OS | O MM) adverse weather conditions. gunner to switch roles if needed, 
as both have access to the flight 
SUDP FeSssiVe controls and weapon systems. 
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Around 12,000 US helicopters flew in the Vietnam War, totalling 2 million missions and 7.5 million flight hours 


AH-64D 
APACHE 
_ LONGBOW 


An iconic gunship that’s still 
a capable attack chopper 


The AH-64D Apache Longbow gunship is arguably the 
An AH-64D fires its flares as : most famous multi-mission attack helicopter of the 
a countermeasure against : -— | modern age. Over the past 19 years of service, it has 
infrared missile seekers 4 p -. proven itself both combat-ready and reliable in 
ns numerous theatres of conflict. 

The AH-64D was upgraded in 2008 to include increased 
digitisation, a joint tactical radio system, enhanced engines and drive 











Power systems, the capability to control UAVs (unmanned aerial vehicles) 
The Tiger is powered by two 960kW turboshaft - which were used extensively in the Iraq and Afghanistan wars - 
— engines. The fuel tanks are self-sealing and along with improved landing gear. Currently, the Apache AH-64D 


Longbow is operated by the US, Egypt, Greece, Israel, Japan, Kuwait, 
the Netherlands, China, Singapore and the United Arab Emirates, 
with many other countries operating older Apache variants. 


explosion suppressive when exposed to enemy 
fire or in the event of a crash. 


_& 
—__..__-" 1. T700-GE-701C engines 5. Cockpit 

























The turboshaft engines allow the With room for two, the Apache’s 
Fuselage AH-64D Longbow to reach a cockpit allows excellent battlefield 
Kevlar, carbon laminates and cruise speed of 284km/h. visibility with wide viewing angles. 
Nomex make up 80 per cent of 
the airframe, and radar reflective 2. Automatic cannon 6. Composite rotor 
surfaces are kept to a minimum. The 30mm automatic cannon is blades 
capable of firing large, highly A composite four-blade main rotor 
incendiary rounds. allows for increased payload, 
climb rate and cruise speed over 
3. Hellfire missiles earlier variants. 
These laser-guided missiles are 
effective at taking down enemy 7. Fuselage 
armour and structures. Designed for manoeuvrability and 
stealth, the fuselage is painted in 
4. Explosive rockets camouflaged colours. 
Fast firing 7Omm rockets allow 
the Apache to support ground 8. Radar dome 
troops in any assault on enemy This system enables target 
soldiers, strongholds or vehicles. detection from behind obstacles. 






Mistral missiles 
With a 3kg warhead and 
a 6km range, the Tiger 
can cause significant 
air-to-air damage over 
long distances. 








Weaponry 

The Tiger can be fitted 

with different combinations 
of weapons depending on 
the variant, suitable for 
both air-to-ground and 
air-to-air combat. 
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© WIKI/Javier Rodriguez JC; Illustration by Alex Pang 






The Bluecopter 


Introducing Airbus’ eco-efficient 
demonstrator - a game-changer that 
could make choppers more stealthy 


Blue Edge 
technology 
The five Bluecopter blades 
decrease noise pollution 
without affecting 
performance. 


Reduced emissions 


Rudder 
The T-tail stabilises 
the vehicle, 
decreasing the 
tendency for the 
nose to rise up. 


CO, emissions and fuel 
consumption are decreased 
by up to 40 and 10 per 
cent respectively. 


Tail rotor 
The Fenestron is a tail 
rotor housed in an 
insulated duct to reduce 
drag and noise. 


The Bluecopter has allowed Airbus to test 
alate Z< 1a hVsea=\exera i ai=)alel hann=el al ave) [ele] (=t> 


yAN it os oLole \Vaoxe) alex=] ols 
ai any=me(=\-)(e]ake)im datum oy-(ol @e)mual= 
helicopter helps make it 
‘aale)a=w-(=)gele NV ar] aniion 


Blue Pulse tech 
Active flap rotor control 
reduces the interference of 
the blades with each other, 
reducing noise levels. 


= 


_ 


~ 


- 
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Ecdtmode 


(Oyal=we)muals Ble (ore) 0) k=) ats) engines 
fore] am oX=Mn=)an) ole) e-] al \Vcialeime (onan Ke 
decrease emissions. 









Skids 





ANS) oY =\eir-] | \amaarele(smir-liaiaremeyal 
the skids lowers the 
Bluecopter’s drag. 


STEALTH HELICOPTERS 


lis (0)iV carole mercbaw alcdlomectclcomelale)ejelsvactemyisele)(smle)melentcircye 


One ofa military helicopter’s biggest strengths is 
its manoeuvrability. Being able to take offand 
land in difficult terrain, move in any direction 
and hover makes gunships incredibly useful in 
battle. However, this advantage comes ata price 
and the sound of the rotor blades spinning 
almost negates any chance ofa stealthy 
approach. Helicopter blades are noisy because of 
lo) E-Tolctav(oyaney-@belnaye- (es loventsh Al me r-leleme)islels 
rotates at such a speed that high amounts of 
turbulence are caused. Huge amounts of air flow 
around the blades as they turn anda 
concentrated vortex (a whirling mass of air 
similar to a whirlwind) is formed. As each 
following blade cuts through this vortex, 
acoustic energy and vibrations are created, 
resulting in the classic chopper sound. It has 
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been a long-standing issue but now various 
technologies are being implemented in an 
attempt to reduce it. 

Airbus’ Bluecopter has a newstyle of rotor 
blade that utilises Blue Edge technology. The 
innovative double-swept design reduces noise 
by four decibels by reducing the surface area of 
the blade that impacts on the vortex. This is 
complemented by Blue Pulse technology, which 
incorporates three flap modules into every 
lo) Eels DJDaclencromohva-Bit-lepaelKemeeelecemuet-imbtcias 
tiny electric motors powered by crystals, they 
move at up to 40 times a second, lessening the 
BVI as less pressure is created. This decreases 
the level of noise generated, as well as giving the 
pilot asmoother ride witha significant reduction 
bauer: loybemisle)e- lu le) alse 


Another method the Bluecopter is using to 
make it both greener and stealthier is a 
Fenestron. This encases the tail rotor and allows 
idalepealcrelet-baptsveemnemer-hi(cmesle)acme)(-lelctopmnys ence emclelers 
more thrust, while reducing drag and vibration. 
On the Bluecopter, stealth technology is used in 
conjunction with aerodynamic landing skid 
fairings anda T-tail stabilising rudder to 
increase efficiency and decrease emissions. 


“The innovative 
double swept design 
reduces noise a Up 

to four decibels” 
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Without protective headsets, UH-6o pilots would be exposed to over 100 decibels, enough to cause ear damage 





TYPES 








HELICOPTER MISSIONS 





MILITARY 








Powertul, agile and resilient, the Tiger is the 
chopper of choice in many situations 


Ground fire support 
Infantry and armoured divisions on 
the ground can rely on the Tiger to 
provide backup. The 30mm gun is 

incredibly accurate and can fire at a 
maximum distance of 2,000m. 





Armed reconnaissance 
Day and night identification sensors 
make the Tiger a highly competent 
reconnaissance unit that can weave 

through tough terrain and also 
engage the enemy if it needs to. 


PANS @i di tem=) (eleat 


We spoke to Marius Bebesel, programme manager at 
Airbus to explain more about the Bluecopter 


What sort of helicopter is the Blucopter? 
Based on an H135, the Bluecopter technology 


demonstrator is a light, twin-engine helicopter. 


Itis a flying technology test bed, on which 
Airbus Helicopters is able to trial next- 
generation eco-friendly technologies that can 
be applied across Airbus Helicopters’ product 
line. The Blucopter is a unique, one-of-a-kind, 
test aircraft. 


How environmentally friendly and energy 
efficient is it? 

The Bluecopter allowed Airbus Helicopters to 
test performance and fuel management 
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technologies (including an ‘eco-mode’, which 
shuts down one of the two engines during 
standard cruise) leading to a ten per cent 
reduction in fuel consumption, helping to 
achieve a 40 per cent CO, emissions reduction. 

The demonstrator features several design 
measures to reduce the aerodynamic drag of 
the helicopter. This includes fairings for the 
main rotor hub and the landing skids, anda 
newly developed low drag aft-body concept. 

The eco-friendly approach is extended even 
to the attractive paint scheme of the helicopter, 
which makes use of the latest water-based 
paint technologies. 


Amphibious operations 
The Tiger HAD is also a worthy 
adversary at sea. It was designed to 
be able to land on aircraft and its low 
maintenance requirements mean it 
can stay out at sea for long periods. 


Aerial combat 
The twin attack power of a 30mm 
turreted gun and Mistral missiles are 
more than a match for any other 
helicopter. Also on board are 32 chaff 
and flare cartridges. 


Escort 
Operations in Afghanistan, Libya and 
Mali allowed the Tiger to display its 
prowess as an escort chopper. It can 
easily eliminate threats and guide 
others to safety. 


Anti-tank warfare 
The range of powerful anti-tank 
missiles at the Tiger’s disposal make 
it the ideal gunship. It can take out 
tanks from a safe distance, firing 
from up to 8,000m away. 


Do you have plans for any electric 
helicopters? 


Airbus Helicopters is researching lower 


emissions technology with its compound 
helicopter LifeRCraft and the High Compression 
Engine (using an advanced diesel engine 
instead ofa turbine for light helicopters). 
Airbus Group has teamed up with Siemens to 
research electric flight. It is thought that by 2030 
passenger aircraft below 100 seats could be 
propelled by hybrid propulsion systems. 
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© Airbus; Infographic: © beatrizsantacruz.com / Airbus Helicopters 

















V-280 Valor 


The innovative new Bell and Lockheed 
Martin design that boasts unrivalled 
speed, range and payload capabilities 


Tilt-rotor 

The counter-rotating dual 
propellers enable great 
manoeuvrability. 







ey 













Rotor downwash 
Decreased downwash from the 
rotor blades makes rope hoist 

operations easier and safer. 





While the Boeing AH-64 Apache and the 
Sikorsky UH-60 Black Hawk are still capable 
gunships, even more advanced updates are on 
the horizon. Both companies are at the forefront 
of future helicopter design and are aiming to 
develop choppers that will boast twice the speed 
and twice the range of the current crop. The two 
aviation giants are currently joining forces to 
create the SB>1 Defiant while Bell and Lockheed 
has its own rival project in the shape of the V-280 
Valor. Both ventures are demonstrator aircraft 
and will act as trial runs to potential future 
helicopter designs under the Future Vertical Lift 
(FVL) project. They will take to the skies for 
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Sensor technology 
Enhanced situational awareness 
systems ensure bombing during 
missions is incredibly precise. 


VTOL technology 


The advanced tilt-rotor 
technology will allow for vertical 
lift-offs from almost any terrain. 


Capacity 




















"ip 
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The large armoured Speed Sad 

fuselage can fit 14 endurance 

troops and four The top speed will be 

crew members. over 500km/h witha | 
combat range of 
nearly 1,500km. 
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MILITARY HELICOPTERS: 
THE NEXT GENERATION 


What does the future have in store for a new class of supercopter? 


testing as part of the US Army’s Joint Multi-Role 
programme in early 2017. FVL includes five 
all-new helicopters that will replace the current 
designs with a new breed of attack copter. As 
well as having first-class combat capabilities, the 
new helicopters will embrace semi-autonomous 
technology and be flexible enough to serve in 


‘The new helicopters 

will embrace semi- 
gutonomous 
technology" 


as 





+ 


urban security, disaster relief and medical 
evacuation. Each of the aircraft will use a new 
active system that will advise the crew on when 
components in the cockpit need to be replaced, 
while also giving as much assistance as possible 
to the pilot. Compatibility with other vehicles 
will be at the forefront of the new choppers’ 
design. They will be capable of landing on ships 
and being stored on cargo planes. These 
ultra-advanced helicopters are set to bein 
production by 2030 and will serve the US Army, 
Navy, Air Force and Marine Corps. 

As wellas attack helicopters, the classic 
Chinook design will also be getting an overhaul. 
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The S-g97 Raider unofficially broke the copter speed record in 2o1o and Is designed to reach speeds of 407km/h 
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The Block II Chinook programme will see 
Boeing’s iconic twin rotor vehicles undergo a 
modernisation project. They will still utilise the 
same basic design but will be kitted out with an 
assortment of modern technology. All the 
projects are a fascinating glimpse into the future 
and will build on the already cutting-edge 
technology used in today’s helicopters. While 
drones continue their vital role on the front line 
of aerial combat, the attack helicopter will once 
again dominate the skies with more advanced 
engineering and weaponry than ever before. 





The Raider’s cockpit can fit two pilots and 
the cabin will have space for six soldiers 
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SB>1 Defiant 


Sikorsky and Boeing’s joint venture 
could help change the face of 
helicopter technology 


Coaxial rotors 

The double counter-rotating rotors 
are immensely powerful yet agile 
enough to land on aircraft carriers. 


PANe We laloxz\emoxeles.¢e)is 
The pilot will be assisted by 
(oroye alia hVemelcrel i(o)abr-l(ellare| 
technology that prioritises the 
iio) me) im at-)Valey-)d(e)ar-] mM lavxelanat-lavelaP 


























Full of fuel 


The large fuel tanks 
have been designed to 
hold enough to fuel a 
powerful future engine. 


” 





Pusher propeller 
The pusher propeller 
will allow top speeds of 
over 450km/h even in 
adverse weather 
conditions. 


Defence 
mechanism 
yA alle] ata keto pm rcksiclg 
iFelanlanslau om latciesli(cxemne) 
divert the path of any 
missiles targeting the 
Spacious fuselage SB>1 Defiant. 
The chopper weighs over 13 
Ivo) aiswr- ale Mere] al uae] pss) ole) gan 4 
o)(e [slow laleW-Merg=\WAelmcelel eo 


© Boeing; Sikorsky 
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Kitesurfing physics 


Staying above the water is all about balancing forces 
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Interacting forces 
Lift is generated by the kite 
deflecting air down, while 
air particles colliding with 
the kite create drag. 


Brake lines ¢ 
Pulling on the lines in the 
fr a middle of the kite tips it, 
dumping air and 
reducing speed quickly. 






The amount of 
lift generated can 
be changed by 
altering the angle 
of the kite. 

, Control bar 
The control bar is attached Power lines 
to the kite by four lines, and These lines are 
a chest harness helps to attached to the 
distribute the load evenly. edges of the kite, 
and are used to 
control its shape 





and angle. 

Board 

The bigger the 

board, the better Changing speed 

it floats, helping Pulling on the power 

~~. beginners to stay lines increases lift 
oe aie a - above water even and therefore velocity, 
we if the kite drops. while extending your 


arms will decrease it. 


im t=] ;<=Soer~ Ia (0) MRO) ©) = [enn [er> 
iKoWe(-1mn0 {eco mnon gle ljale 
electric unicycles! 





& fi Speak French, Spanish or Italian 
as they are really spoken aa 


Now you can improve or maintain your French, 


Spanish or Italian with the bi-monthly audio magazines, 


Bien-dire, Punto y Coma and Tutto Italiano. 


Bien-dire, Punto y Coma and Tutto italiano are all published six 
times a year from France, Spain and Italy and include a glossy 
magazine packed full of lively, topical and original articles and 


in-depth interviews in French, Spanish or Italian to give you the 
inside track on French, Hispanic or Italian culture. Key words and 
phrases are glossed into English on the facing page. The articles, 


in turn, are narrated on the accompanying 60-minute audio CD 
to enable you to improve your listening comprehension and 
understand French, Spanish or Italian as it’s really spoken. 

In addition, every feature is graded for difficulty so that 

you can assess your progress with each issue. 


If you now want to be able to speak like a native, a subscription 
to Bien-dire, Punto y Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. 


— 
me. 


A it 01. Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Bien-dire French Audio Magazine + 1 Extra FREE Issue and a FREE 
French-English electronic dictionary! 


CI 


fe 02. Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £89) to Punto y Coma Spanish Audio Magazine + 1 Extra FREE issue and a FREE 
Spanish-English electronic dictionary! 
ai a 03. Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying Le 
audio CDs for £89) to Tutto italiano Italian Audio Magazine + 1 Extra FREE Issue and a FREE 
Italian-English electronic dictionary! 


Cheque: Cheque enclosed for £89 (payable to Languages Direct Ltd) (J 
or Card: Please charge my credit card for the sum of £89 only Mastercard £1] Visa C) Amex OJ 


Card number 

Expiry date; . ee —éea'ch CVV) Clb: 
First name: $$ Last name 

Address: 


Postcode Country 


Telephone: Email: 











gb €n-dir S 


¢ Speak French, Spanish or Italian with 
confidence by learning the language as 
it’s really spoken 


e Improve your vocabulary and listening 
comprehension 


e Improve your knowledge of French, 
Hispanic or Italian culture 


e Lively, relevant and up-to-date, authentic 
content 


© Take advantage of on-going, portable 
and flexible learning 





Bien-dire, Punto y Coma or 
Tutto italiano for a year for 
just £89 (normal price £99) 
and you will receive an 
extra issue, worth over £16 
for FREE, and a FREE 
electronic dictionary 
bookmark worth £24.99 -a © 
combined saving of £51! 


Order TODAY By calling 
0800 141 2210 
Outside the UK call 

+44 117 927 2236 


Or order by visiting our website: 
www.languages-direct.com/HWM216 


Subscribe Today to either as 
Beams 





Please send your completed order form together with payment to: 


Languages Direct Ltd 
FREEPOST RSKB-KSKR-LYLU, Bristol BS1 6UX 


Delivery: Your first issue should be with you within 10 days of receiving your order. 


Outside the UK send to: 


Languages Direct, Spike Island, 133 Cumberland Road, 
Bristol, BS1 6UX, United Kingdom 


60 day money-back guarantee 


If for any reason Bien-dire, Punto y Coma or Tutto italiano is not 
for you, just let us know within 60 days, and we'll refund your 
subscription in FULL, and you can keep your first issue. If at any 
time later you decide to cancel, we'll refund you the cost of any 
unmailed issues. 


To see our full range of excellent language learning materials 
visit www.languages-direct.com 
Media Ref: HWM216 





Rear-jack 

0-0.4s and 2.3-2.6s | 

This mechanic is called into 

action as soon as the car oy - 

stops. They use their jack to i d ; Job complete 

raise the rear end of the car. A ee When the mechanics have 

eis " completed their assigned job 

they inform the lollipop man 
by stepping back and raising 
their hands. 


Fuel tank 

The time-consuming 
refuelling step can be 
skipped as modern 
cars store enough fuel 
to complete the race. 





Wheel-removal 
0.6-1.0s 

This mechanic is solely 
responsible for 
removing the used 
tyre as soon as the 
wheelnut has been 
loosened. 


Extra crew 

Mechanics can remove debris 
from the car’s air intakes to 
maintain radiator efficiency. This 
can take precious extra time so 
it’s only done if necessary. 


SOs. d1.5-2.3 
=U.0S an 13"4:9S hs ate 
A pneumatic wheelgun is Wheel-fitting 


used to loosen and tighten 1.0-1.5s 
the wheelnut. The time A new wheel is fitted onto the 


spent spinning is minimised axle, and if required the mechanic 
by reducing the thread as can clean the driver’s helmet visor. 


much possible. 





— NN 
_— | 
Elevating/ | Moreyt=Tal ale VA Removing Installing Other small > 
lowering the tightening the the used the new necessary —" 
jacks wheelnuts tyre tyre adjustments 








Stop/go 
(exe) signal ime) Seconds 2.0 3.0 
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The record time for a pit stop Is 1.g2 seconds, held jointly by Williams and Red Bull 







How highly-trained experts 





= 
1 sto perform engineering 
miracles at every race 
n Formula One racing, every second counts. The crews get to work on changing tyres, clearing debris and 
incredibly powerful cars are built for speed, able to adjusting or exchanging parts of the vehicle. 
drive in excess of 360 kilometres per hour, but they By following a precise, rehearsed routine, Formula 
need constant maintenance to complete a race. One teams are able to complete their work in less than 
Fortunately, the driver’s team of mechanics are ready three seconds on average. And considering winners 


have been decided by differences of under a fifth ofa 
second, the best pit crew can be the differencea 
(olate Dante) (eyemalcrevelse 


and waiting in the pit lane to restore the car to an 
optimal condition in lightning-fast time. 
Before the car even pulls to a stop, the pit 


Lollipop man 

0-0.1s and 2.6-2.8s 

This team member is named after 
the long ‘stop/go’ sign which they 
use to signal to the driver. 


Front-jack 

; 0-0.4s and 2.3-2.6s 
Adjustment The jack is placed under the 
crew nose of the car to raise it 
Team members are several centimetres above 
on hand to alter the the ground. 
angle of the wings, 
in order to increase 
or decrease 
downward force. 
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Firefighter 

A crew with firefighting 
equipment are always 
ready in case of an 
emergency. 







© Illustration by Barry Croucher; Alamy; Shutterstock 
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How do trains 
change tracks? 


The simple switches that let trains reach 
different destinations 
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Changing tracks Straight ahead 
Switch motor The switch point is made from In the off position, the 
The motor is usually hydraulically two tapered rails that are switch rail is positioned 


; , so that the wheels can 
or electromagnetically powered. moved between intersecting 


train lines move straight ahead, on between two tracks 
It moves the switch to the correct : adreaniiids aiken 


position and holds down or stop. 
it there as the train passes over. 


Smooth journey 
Trains can safely switch 


——— Flick the switch Wheel guides 
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When a train approaches Changing direction Train wheels have an inner 
[2 Le a = a switch point, the In the ‘on’ position, the switch rail rim that is larger than the 

remote signalling centre moves so that the wheel rim is rest of the wheel. It sits 

sends a message to a guided between it and the fixed inside the rail and helps it 


motor at the point. rail, diverting it off the mainline. change direction. 





NASA's Space Shuttle [often referred to as a ‘flying brick ) dlways returned to Earth as an unpowered glider 





How do gliders 
stay airborne? 


These engine-free vehicles have more in common 
with paper planes than you might expect... 


nits basic form, a glider is an aircraft with no 

engine, so they fly differently from powered 

aircraft due to the forces involved. When 
flying, a powered aircraft has four forces acting 
on it: lift, drag, weight (related to gravity) and 
thrust. Without an engine, gliders have no 
thrust, so they need to find other ways to 
generate speed. Key to this area glider’s wings 
— because they are so long, they generate huge 
amounts of lift, more than enough to help 
counteract the effect of gravity. 

The glider needs some help to get into the air, 
though. There are two common ways to launch: 
either by towing it behind a powered plane as it 
takes off, before releasing it at altitude, or by 
rapidly winching along by a cable attached toa 





aicelhate 
Pilots can keep gliders in the air for longer by 
rel diate meci=me)mariinle mu ylgui ills 










Hot air rises 
Air is rarely the same temperature 
everywhere. Thermals are columns 
of warm, rising air, caused by 
sunlight heating the ground. 
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glider will begin to descend 
once more. As the glider falls, 
it starts to accelerate. 


heavy-duty road vehicle. Once the glider gets 
up to speed, the wings come into their own, 
and the aircraft can take off. Alternatively, 
hang-glider pilotscanrunandjump offahillor {| 
cliffto start their flight. 

Really, the process of gliding is a very, very 
slow fall towards the ground. The speed of that 
descent is defined by its glide ratio, which tells 
you how far a glider can fly versus how much its 
altitude will drop. Hang-gliders have a glide ratio 
of around 15, which means that they can fly 
forward for 15 kilometres for every one kilometre 
of lost height. Commercial gliders, sometimes 
called sailplanes, descend much more slowly 
than hang-gliders - in fact, their glide ratios can 
be as high as 60. 





the thermals 





Cloud markers 
Glider pilots can often spot a thermal 
by the presence of cumulus clouds. 
These form where the moisture in the 
rising air has condensed. 
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{ Up, up and away! 
_ Rising air provides the glider 
with lift, allowing them to 
increase their altitude. 









Gliding down Seninan : Urban heat island 
Outside of a thermal, the ying up . ; Urban areas tend to radiate 
The acceleration during more heat than rural areas, 


descent allows the glider so gliders can hit another 
to generate the lift needed i thermal and rise again. 
to support its weight. 7 


© Thinkstock 
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| Creating a causeway | 


How volcanic activity formed 40,000 giant rock pillars 


ccording to legend, the stepping stones of 

the Giant’s Causeway were created by the 

giant Finn McCool, so that he could walk 
across the Irish Sea from Northern Ireland to 
Scotland and fight his rival, Benandonner. In 
reality, they were formed by volcanicactivity 
around 60 million years ago. Back then, the 
continents of Europe and North America were 
attached, but soon began to slowly tear away from 
each other. As this happened, huge cracks in the 
Earth’s crust formed, causing lava to spew up from 
below. This lava cooled to form layers of basalt rock 
on the north coast of Northern Ireland. Over time, 
the rain eroded away the rock to forma 
valley, into which more lava 


hy 


flowed. At the top, this lava cooled rapidly, forming 
a crust that helped to insulate the liquid lava 
below. As a result, the bottom layer cooled more 
slowly, causing it to shrink and crack into 
hexagonal columns. During the most recent ice 
age, which ended about 11,500 years ago, glaciers 
eroded the top layer of the rock, exposing the 
columns beneath. Rising sea levels caused by 
warmer weather then began to wear them away, 
creating the varying heights of the columns you 
can see today. 
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Lower basalt 
Formed by the first 
volcanic eruptions, 
these layers are visible 
as five dark bands of 
rock in the cliffs. 


Multi-sided 
Most of the columns 
are hexagonal, but 
some have four, five, 
seven or eight sides. 








The Giant's Causeway was the first UK natural World Heritage Site to be documented using 3D laser scanners 


Middle basalt 


A second phase of 
volcanic activity poured 
lava onto the surface, 
which cooled to form the 
causeway’s columns. 
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Upper basalt 

Further volcanic activity 
formed a third layer of 
basalt. This has since worn 
away on the causeway but 
can be seen inland. 


“According to legend, 
the causeway was 
created by the giant 
Finn McCoo!” 


A watchful eye 

Some columns have been 
eroded to become completely 
circular, earning them the 
nickname ‘giant’s eyes’. 


Big and small 

The columns vary in size 
depending on their 
cooling rates. The slower 
the lava cooled, the larger 
the columns created. 


Hexagonal black basalt 
columns interlock to 
form the causeway 
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The individual domes of Kata Tjuta formed 
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Flaky surface 
Close up, the surface of 
Uluru is grey, with a coating 
of red flakes of rock. The 
flakes’ colour is due to the 
iron in the rock rusting. 

















Uluru and 
Kata Tjuta 


Standing proud against the flat horizon of 
the Australian outback are two enormous 
sandstone and rock formations named 
Uluru and Kata Tjuta. They may looka 
little out of place but they have been there 
for millions ofyears, formingasa 
result of geological 
'__ processes. 
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Rocky history How did the magnificent Uluru and Kata Tjuta rocks form? 





550 million years ago 500 million years ago 400 million years ago 400 million years ago 
Rainwater eroded the mountains in the The area was covered in a shallow sea. A The sea receded again, and the rocks (continued) 
Petermann Ranges, depositing sediment seabed of sand and mud compressed the started to fold and tilt under the The rocky fan tilted by about 20 degrees, 
in two fan shapes, one of sand and one of fans, turning the rock into conglomerate immense force of the Earth’s shifting becoming Kata Tjuta. The sandstone fan 
rock, onto the surrounding plain. rock, and the sand into arkose sandstone. tectonic plates. tilted almost 90 degrees, becoming Uluru. 


028 | How It Works WWW.HOWITWORKSDAILY.COM 


OID YOU KNOW? Uluru and Kata Tjuta are owned by the native Aboriginal people, but they lease the area to Parks Australia 





























\\ : carbonate in shells to form lime-rich sand. This 
: ‘ | § was carried by wind and waves to form dunes, 
which later dried out to form limestone rock. 
Plant roots and water gradually forged cracksin 
| the limestone, leaving behind the separate 
=. te cia pillars you cansee today. 


= #,. - 
The Pinnacles a, 
Desert was once a a = - 2 
bg slab of limestone Pinnacles Desert | 
that has since been 7 - 
eroded into pillars ye These limestone pillars, rising up to five metres out “se 
\ hi ofthe sand of the Nambung National Parkin ee oi 
| j : a. { Western Australia, were formed from seashells. ” we a 
( i ( The exact process is still debated, but it is thought * x qc 
| 1 * . f that over time, rain dissolved the calcium et 2 ' . 
Wal sy 
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Minerals dis solved in the water 
ldgeleah-) al=t-ldo)’msl ela laemar-\ie 
stained the § Tanleyelaalsie)el=Meyime ale) 
wave withstreaks of colour 
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Carved ridges 
Some layers of Uluru’s 
rock wear away faster 
than others, leaving parts 
of the surface covered in 
parallel ridges. 
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Wave Rock 


This granite rock was buried by soil, it became acidicand dissolved the 
exposing the top.Asgranitedoesnot baseoftherock.Thesoilhassince 
erode easily, the top remainedintact, eroded away, exposing the 15-metre- 
butasrain moistenedthesoilbelow, _ talloverhanging wave. 





















Kata Tjuta 


The Devil’s Marbles 


These boulder stacks began to form millions of 
years ago, when magma was forced up through 
fractures in the Earth’s crust and hardened into 
granite. When the sandstone layer above the 
granite eroded away, the granite expanded and 
cracked into cubic blocks. Weathering and 

500,000 years ago _ temperature fluctuations caused the blocks to 
As the climate became drier, wind-blown : . 

expand and contract, shedding their outer layers 


sand partly filled the valley between the 3 
two slabs of rock that were now to reveal rounded boulders. 2% Ta 4 . ‘2 
* ‘iy § ‘ ) 


protruding from the surface. Toil Se a ae kin ’ te 4 a ge 
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How have these enormous and ancient 
stacks of rock managed to stay standing? 


























Typically found rising up from the bottom ofarid drainage 
basins or badlands, hoodoos are tall spires that have been 
carved out of rock over millions of years. They range in height 
from 1.5 to 45 metres, and are often striped with the different 
colours of the rock types that make up their layers. It’s these 
layers that help to prevent these seemingly impossibly 
balanced stacks from collapsing, as hard rock on top protects 
the softer lower layers from erosion. Although most hoodoos 
began life as canyon walls, others have formedina slightly 
different way. The famous Fairy Chimneys in Turkey’s 
Cappadocia region are the result of volcanic eruptions that 
rained downash, which 
hardened into a soft 
porous rock. This 
rock was covered aire’ 
witha layer of basalt, 
which eroded into 
mushroom-shaped 
caps, protecting it 





Empty canyon 

A vast lake drains away, leaving behind 
a canyon with a layer of sediment at 
the bottom. 
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Erosion rates 
The hoodoos are made up of 
different rock types, which 

erode at varying speeds. The 
thinnest parts are mudstone, 
which erodes easily. 











Receding walls 
/ Water seeps out of the lower rocks, 
taking rock material with it and 

eroding away the walls. 
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Disintegration 
Eventually, the neck of 
the cone will erode to a 
point where the cap falls 
off. The remaining pillar 
will then disintegrate. 





Vertical cracks 
Acidic rainwater widens cracks, and 
expands and contracts as it freezes 
and thaws, eroding the rock further. 





Protective cap 

The harder layer of rock on top 

_ protects the softer layer beneath it 
from erosion, forming tall hoodoos. 


DID YOU KNOW? Visitors to Turkey can stay in The Fairy Chimney Inn, g hotel carved out of an ancient hoodoo 
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It may look like a crooked chimney spewing 
smoke into the cold Antarctic air, but there’s 
no fire to be found inside this strange 
structure. Instead, you'll find a cave, carved 
out of the ice by the heat from the nearby 
Mount Erebus volcano. The steam rising from 
these caves instantly freezes as it hits the 
sub-zero air above, forming a hollow tower of 
ice above. The scientific name for these 
features is ice fumaroles — a fumarole being 
any volcanicvent that ejects gas or steam. 
They can be found all over the world, and 
even on Mars, but only a few places are cold 4 
enough to turn their emissions to ice. 


cae  <s 

_ “Steam from the 

caves instant! 

freezesasithitsthe <4 Se 
sub-zero girqbove 4 23 aieeeandh eee 













Mount Erebus 
This 3,800-metre tall 
volcano in Antarctica is 
surrounded by hundreds 
of ice fumaroles. 













reach heights of 18 metres 


Search for life 
The ice caves beneath the 
towers are of interest to 
scientists, as they may be 
home to many as yet 
undiscovered species. 
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A la nd of ice Mount Erebus is the second tallest volcano 
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Despite being located in the centre of a stationary 
tectonic plate, Antarctica still manages to be a hotbed 
of volcanic activity. This is all down to the West 
Antarctic Rift, an area where the tectonic plates are 
slowly moving apart. Along this rift, the Earth’s crust 
has thinned, allowing magma to rise to the surface 
and create enormous volcanoes. While many of the 
volcanoes are now extinct, others are still ejecting hot 
gas and lava, with the most active being Mount 
Erebus on Ross Island. Mount Erebus is one of only a 
few volcanoes to have an open lava lake. While the 
central crater on most volcanoes is covered with a 
solid slab of cooled molten rock, the one on this 
volcano is uncovered, exposing the hot magma inside. 
Several low-level eruptions occur every day, ejecting 
scorching lava bombs onto the surrounding landscape 
as a result. . : - 22S te Ie 
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Among the pine forests of Crook | | \— 
County, Wyoming, standsan * i | : | Sak 
enormous lump of rock reaching 1 ; 
high up into the sky. Known as o> 
Devils Tower, itis so awe-inspiring 
that in 1906, President Theodore | 
Roosevelt established it as the : J in i te. 


United States’ first national 4 Columns | 

monument, but no one quite é | The Tower’s almost re ! | Geri |. 

knows howitformed.Whatwedo [7 / pains i ee 1 | ; 

knowis that itis made from ee ee ee =< vy) 

phonolite porphyry, an igneous | igneous rock. = he +. =u 

rock that is formed when magma / oh rE | rh ag 

cools and crystallises. In this case, ke “oie \ er) 

as the magma cooled, italso i ‘pee Be mae "i . Erosion continues 
contracted, cracking the rock into ie et as ‘, wo 4 The Tower is still eroding 








today, and the land 
surrounding it is littered with 
rocks and rubble that have 
fallen from the stucture. 


the polygonal columns that now 
make up the Tower. Most 
geologists agree that the rock 
formed when magma rose up into 
the surrounding sedimentary 
rock, but there are three possible 
theories for how this happened. 
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Formation theories Three popular ideas of how Devils Tower came to be 
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Theory 1 - Volcanic plug Theory 2 - Laccolith Theory 3 - Stock 
The rock is the neck of an extinct volcano or a plug that The Devils Tower is a laccolith, a large, mushroom- Magma beneath the Earth’s surface cooled and 
lay beneath it. Although there is no evidence of volcanic shaped mass of igneous rock, which spreads between crystallised to form the lump of rock you can see today. 
activity, such as ash or lava flows, in the area, this the layers of sedimentary rocks beneath the Earth’s Over time it was exposed by erosion wearing away the 






material could have simply eroded away. surface. The rounded bulge on top has eroded away. rock above it. 
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Devils Tower Is officially missing an apostrophe, as it was omitted in a proclamation signed by Roosevelt 





Thisspectacular wave structure started to form 190 million. 
| yearsago when dinosaurs walked the Earth, and their 

_ footprints can still be seen inthe rock today. The Wave began 
_ -assand dunes, which were compacted and solidified to 

» become sandstone. The smooth undulating shape is the 

| | .result of very slow erosion, originally caused by the flow of 
PAielicenierleekeljeresirvenicheloltts raviatacclsaactonaetcs corel to 
create the colourful stripes that swirl through: it. When the 
Mvclccvasbelev up, atatel erosion took over, and continues to. 
Bke-Var(-taet: rock to this day. : 
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of the Wave, only 20 visitors’ . 
are permitted each day 
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most impressive tufa displays 


They may look like the flowering head ofa popular vegetable, but these 
alien-like structures are actually knownas tufa. They form underwater in 
alkaline lakes, such as California’s Mono Lake, at the site of freshwater 
springs rich in calcium. When the calcium comes into contact with 
carbonates in the surrounding water, calcium carbonate forms, also 
known as limestone. The limestone settles on the lake bed, andas more 
and more is deposited, a tower begins to grow. Most of these structures 
remain obscured by water, but in lakes where the water levels have 
dropped, they become visible for all to see. 
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CAVE OF CRYSTAES *. 


The spectacular secret treasures that have been Atay 
erowing beneath Mexico for 500,000 years | 
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Ancient bacteria 
Researchers took samples 
When miners broke through the wall ofa Mexican of some of the crystals in 


silver mine, 300 metres underground in the year - order to identify any 
j bacteria that lived in these 
2000, they could never have expected the site that ax Eranie- Conditions. 
greeted them. Enormous, translucent beams of 
crystal towered above them, criss-crossing from 
either side of a sweltering cave. Normally flooded 
with water, the mining company’s pumping 
operations had made the cave accessible to 
humans for the first time, uncovering the largest 
natural-grown crystals ever found. 

The reason why the crystals had been able to 
growso large is because of the precise conditions 
inside the cave. Lying above a magma chamber on 
an ancient fault line, the water inside the cave, 
which was rich in the mineral anhydrite, had been 
kept ata steady temperature of 58 
degrees Celsius. At this temperature, 
anhydrite slowly dissolves into 
gypsum, a soft mineral that grows 
into crystals. These conditions have 
prevailed for the past 500,000 years, 
allowing the gypsum crystals to grow to 
their impressive heights, but have also 
made the cave inhospitable. The high 
temperature and humidity means that 
humans can only survive inside for short periods 
of time, even when wearing suits lined with ice 
and carrying a breathing system that feeds cold air 
into the lungs. 

With studies of the crystals still ongoing, there is 
currently some debate about what to do when the 
Naica mine closes. Geologists must decide whether 
to continue pumping out the water to allow access 
to the cave, or let it flood again so that the crystals 
can continue to grow. 
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The Cave of i _ Crystal breeding 


Crystals is buried A magma chamber beneath 
beneath the the cave heated the 
IN FellereMaarelelaieclie mineral-rich water to a stable 


TameareM@lallalerelp\el-le 50°C, providing ideal 
DY=ssyela We) im \V/(=>,4 (010) conditions for crystal growth. 
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“Humans can only 
survive inside the 
cave for short 
periods of time ™ 
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DID YOU KNOW? The largest crystal found in the Mexican cave Is 20 times bigger than any other Known crystal in the world 





geologists discovered 
“S® how'the crystals 
jie)aaat=\e Me) aciacle\lare] 
tiny pockets of fluid 
trapped inside them 


Cooling suit 

In order to explore the 
cave, scientists wore 
special suits lined with 
refrigerating tubes, as well 
as breathing apparatus. 
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Cave by numbers 


Unbelievable stats about the 


re [=¥-(e| hVmor-\= Moy mUe)ale(=)6> 


THE LENGTH 
OF THE 
TALLEST 
CRYSTAL, 
ALMOST 
THE HEIGHT 
OF THREE 
DOUBLE- 
DECKER 
BUSES 








































THE WEIGHT 
OF THE 
LARGEST 
CRYSTAL, 
EQUIVALENT 
TO NINE 
AFRICAN 
ELEPHANTS 


2hrs 


BBat-m(slavelame)maleal= 
you can survive in 
the cave with 
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10min 


The length of time 
you can survive in 
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The size of the Cave of 
Crystals - slightly larger 
idatclomcMkalelalicmeelelas 


44644 
90-100% 


HUMIDITY INSIDE 
THE CAVE 


THE TEMPERATURE 
INSIDE THE CAVE 
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Animal lifespans 


With a new record set, find out how long different species survive on our planet 












CT: \ VA (0) | a 
Toucan 

ies) < e Insect whe Se 6—)—hU)l he & Cat @ 
Most insects live for a year Toad ®" Sheep Domestic cats typically : 
or less. The mayfly has the ai ayemeoxo)anlanteyamcey-(em |hi-ssmce) mm 0]e) live for15 years,or76 (20>-....--- : 

shortest animal lifespan, to 40 years, but most species in ‘cat years’. 

living for just one day! live for just five to ten. 
; Parrot CS cn, ay £0 ® Horse 
Rhinoceros Most parrot species have an The average lifespan of a 


horse is 20 to 25 years, 
although this varies 
(eel erelaleliareme)amual=me)q=icen 


average lifespan of over 30 years. 
'OxoYor \¢- 1 Kolessw- ale WAV aal-yA0)all- lam ey-] age) 8s 
can live for up to 75 years. 







Hippopotamus “oe ® Swan 
mielaatele © ii csvceseprerenecsencess Swans can live for up to 50 
W{e¥-] ac¥m o] Ulu al=Mel-]ale(leome) mania) 
The global average life : 
wild mean that many only 
rep.4 of=\o1 t=] aeavmmcolaualelaat-lals 
igeYelo1 a S{=\V,21 0 KOM AR =¥-] 6-90) (0 
is 71 years. 
Elephant e-: 
yAN id (or-]a=) (=) 8) ay-] a) 6oM INV{o Wm 0) mole) 
eu: e Green to 70 years in the wild, 
y=) Ball ga(s) although their lifespan 
typically halves in captivity. 
Blue ViVi ave] (23 EC eer onc ty soccscecernne BCE r Pearl mussel @eervcccccccccccvccccccceccesscscccvccs > 
The world’s largest animals have an average lifespan of 80 to One of the longest living invertebrates, these molluscs can live 
90 years, while other species of whale can live to be 200. for over a century, growing an extra layer on their shell each year. 
120) 
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average lifespan of over 100 
years, with some living to the 
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eT geteval clare moire la 4 
It was recently discovered that 
Greenland sharks can live for 
400 years or more, due to their 
Taterg=telle) Nasi e\wmel cou atame-1KoNe) i 
one centimetre per year. 
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DISCOVER THE SKY IN WiFi 
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EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
AUTHORISED DEALER FOR ALL THE TOP BRANDS 
BINOCULARS FOR ASTRONOMY 

HELIOS 7x50 & 10x50 
SKYMASTER PRO 15x70 
28x110 GIANT BINOCULARS 


TELESCOPES EYEPIECES FILTERS MOUNTS & MORE 
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Available from amazoncouk 
and other selected retailers 


FRIENDLY ADVICE & WIDE - RANGE OF PRODUCTS: 
YOUR ONE STOP SHOP FOR OPTICAL GOODS 


+ Telescopes & telescope mounts for beginners, 
experienced amateurs & professionals 

+ CCD & DSLR cameras, astrophoto accessories & 
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+ Binoculars, sootting scopes & tripods for nature 
observers 

+ Microscopes for students, science labs & amateur 
alenelceliniss 
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DID YOU KNOW? Manta rays have about 300 tiny teeth - they're not for feeding, but may play a role in courtship and mating 





Meet the manta ray 





These leviathans may be large enough to cover your 
car, but they’re really just gentle ocean giants 


ruising both the open oceans and the 
sunlit tropical shallows, a manta ray cuts 


a pretty imposing silhouette in the water. 


With undulating pectoral fins that look like 
gargantuan wings, these creatures can spanin 
excess of seven metres. There are two distinct 
supersized species: Manta birostris, the giant 
oceanic manta ray, and Manta alfredi, the reef 
manta ray. 

The giant oceanic manta ray is migratory, and 
uses the ocean currents as highways to traverse 
huge distances in search of the best feeding 


Manta anatomy 


Streamlined and strong, 
these rays are perfectly 
adapted to underwater life 


Cephalic lobes 
These appendages are for 
funnelling water into the mouth, 
and their horn-like appearance 
has earned the manta the 
nickname ‘devil ray’. 


Eyes 
Manta rays have good eyesight 
with a wide field of vision, 

although they have blind spots. 


Brainy 
beasts 


Manta ray brains are some of the 
largest relative to body size in the 
ocean, and with larger brains 
often related to higher function, 
this indicates that they may not 
be just ‘simple giants’. 

In fact, their intelligence has 
Royale ol=X=1amr- I r-bsvellar-lu(eamelanreyare 
marine scientists. Mantas are 
very inquisitive, and many divers 
claim that they often want to 
0) F-\Vaan arc si lanl itclan i c-hakeme (ee) allay 

Now, mantas have pushed this 
a step further with their seeming 
ability to recognise themselves in 
i anlid ae) ome) ain varemis\warclallaatel 
species manage to pass this test 
of self-awareness, but it’s still 
debated what ray behaviour 
counts as ‘recognition of self’. 


briny 
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Filter plates 
Feathery-looking plates 
surround all ten gill slits. 
They are thin cartilage 
filaments that filter the 
plankton from the water. 


grounds. The smaller resident reef manta prefers 
to stay closer to shallow waters, swimming near 
coastal reefs in the tropics and subtropics. 
Manta rays are solitary creatures, and only 
really come together to breed. These interactions 
can often begin at feeding areas, or at ‘cleaning 
stations’ —- areas of coral reef where fish and 
shrimp feed on parasites on the manta’s skin. 
While they may look pretty fearsome, the 
undersea giants are not great predators, instead 
choosing to feed on plankton - tiny microscopic 
creatures suspended in the water. The rays will 


Gills 
The gills are full of blood 
vessels that absorb 
oxygen from the water. 

































cartilaginous skeleton. 


“While they may look 
pretty fearsome, the 
undersea giants are not 


Mantas often travel with 
suckerfish - a tag-along 
species that takes advantage 
of speed and status 


open their mouths wide, and let the water flow 
over their gills as they filter out tasty morsels. 
Mantas will eat around 13 per cent of their body 
weight each week. When the plankton is just 
right, feeding can get acrobatic, with the massive 
rays making loop-the-loops and corkscrew 
Spirals in the water to ensure they get their fill. 


Cartilage 

Unlike the dense bone of many 
other fish, the manta ray’s 
skeleton is made of lightweight 
and flexible cartilage. 


Tail 
_ Mantas have long, 
ering tails but unlike 
eir stingray cousins, 
_ these do not have 
poison barbs. 










oily liver helps to 
buoyancy for these 
supled with their light, 
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DID YOU KNOW? Hobbyists who experiment with qugmenting their bodies are Known as ‘biohackers’ or ‘grinders’ 





eare limited by our biology: prone to 
illness, doomed to wear out over time, 
and restricted to the senses and 
abilities that nature has crafted for us over 
sasbUNUCo)atsne)mr(ar-basKe) Mca’) LOnalo)emmsielmalelm.banvmenleyace 
Biological techniquesare getting cheaperand 
more powerful, electronics are getting smaller, 
VaLOMeLepmbalelcvecie-DeLepselmejmaetcmelepest-Pemelelenvats 
growing. Pacemakers already keep our hearts 
loXerclubateam eleywosleyarsUmbene)tcvelecnee)erece)meleca(-)anlbiayA 
and smart glasses augment our vision. We are 
teetering on the edge of the era of humanity 2.0, 
and some enterprising individuals have already 
made the leap to the other side. 
While much of the technology developed so far 
Jats Isp ats (our-Weslcroblers0 m= 0) 0) (er-tale)eumel=re)e)(cx-Va-pelOnny 
ol aKoxoss)batea cons leregeel=yelmaelsyom elcr-iwehvmelere placate 
extend and enhance their natural abilities. 
Kevin Warwick, a professor of cybernetics at 
Coventry University, claims to be the “world’s first 
cyborg”. In1998, he had a silicon chip implanted 
shelnopebicesbasemm/eblelee- ble \(cromebseamnone)el-veneleleyacy 


IMPLANTS 


Professional and 
amateur biohackers 
are exploring different 
waus of augmenting 
our skin 


a 





IN Colemsxom nn lelolam-lam inal e){-lalur-iom-Bcii (el crea 


zz Pig 
Electronic tattoos 
( faateXe Pm dalioMal(e) ata xc(oialm r-la kolo m iae)samaal= 

Massachusetts Institute of 


WN K=Xe1alare) (oxen @\ 1M more lamcine) acl alce)aaat-lalean 
Coa ate] ake(=mexe) (e)0] em] ale m=n"{-1a Moxe)al dae) mvZel6] aye) ale)al=e 
Created by the MIT Media Lab and 
Microsoft Research, DuoSkin is a step 
forward from the micro-devices that fit in 
(odo) d al =toMmns'Z=1 Ker a(=sour=) ale Mela a=) an\{=t<] a=] 0) (oto Maotci= 
1} Kole \oMU tome [o) (em (=t-] kom oxe) alel0(o1m=1(cloing [el] ay, 
against the skin, performing three main 
a0] aroad(e) ate lal ele lemeleiuelUimr-lavemee)aalanlllal(er-iu (olan 
Some of the tattoos work like buttons or 
touch pads. Others change colour using 
resistors and temperature-sensitive 
rod at=1 an) ors] c¥are] ale mci) aal=mexe) alt=] /amexe)| (cma al=l mers] a) 
be used for wireless communication. 


Fingertip 
magnets ------. 


© Tavemlanle)t-laixcvemialcomua= 


fingertips. They respond to 

ia atele] avoid (om i (=)(e Kom ©) gece (erste ob, 
electrical wires, whirring fans and 
other tech. This gives the wearer 
a ‘sixth sense’, allowing them to 
pick up on the shape and strength 
fo) mm la\VA ile) (mi (cl(ecmamealeelie 


x 
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can be coated in silicon . p 





The implants allow the weare 
fe)(or qe] oye ar-li mant-le/al-isleme)s) 


turn on lights and activate computers without 
even touching them. In 2002, the system was 
upgraded to communicate with his nervous 
system; 100 electrodes were linked up to his 
jastsrobtcbepslsvar(en 

sMobcovbredamdavtspelcaivanes}e)t-belem el-neeloomeealuae)e-| 
AriVd lela) (el atcBD om salent(ek-Moyloyavler-beeen-belemmivsinemmercmarciye 
of a matched implant fitted into his wife, he was 
even able to receive nerve impulses from another 
arbbestsbemoysvuaren 

Professor Warwick’s augmentations were the 
product ofa biomedical research project, but 
waiting for these kinds of modifications to hit the 
mainstream is proving too much for some 
enterprising individuals, and hobbyists are 
starting to experiment for themselves. 

Amal Graafstra is based in the US, andisa 
double implantee. He hasa Radio Frequency 
|Koleselabaterctoloyeu(ae@eD)Kelevion-veslol-vele(cvomban=-leel 
Jak<baXobudaXem(-vame)ol-yatcpebispaae)slmeloleya-Daloncir- bance enis 
motorbike, and the right stores data uploaded 
Jace) cewadtspenteloyi (cm o)eleyalsmOlualsvacpersaycwat-Loment-teaetclas 


The electronic tattoos 
work as touch sensors, 
change colour, and 
receive Wi-Fi signals 


Under-skin 
lights 


© 


the skin to augment the 


these is usually done without. 
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FJ 0) ol=¥-] ¢-] (=e) ma dalem ofolehV Amn hale) 
procedure involves cutting and stitching, 
and is often performed by tattoo artists or 
body piercers. The latest version, created 
by a group in Pittsburgh, even contains 
LED lights. This isn’t for the faint of heart 
- anaesthetics require a license, so fitting 


fitted inside their fingers, allowing them to sense 
magnetic fields, and some are experimenting 
with aesthetic implants, putting silicon shapes 
and lights beneath their skin. Meanwhile, 
researchers are busy developing the next 
generation of high-tech equipment to upgrade the 
body still further. 

This article comes with a health warning: we 
don’t want you to try this at home. Butit’san 
exciting glimpse into some of the emerging 
itarel ob ele) (os:avanetslmeelouComol-nelscvomron-lercaselcvelmelene 
bodies in the future. Let's dive in to the sometimes 
shady world of biohacking. 
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Buzzing the brain 


Transcranial DC stimulation sends 
electrical signals through the skull 
icoM=Valarclaceem ol-laie)annr-lacess 


Excitability . . 
The electricity changes the 
activity of the nerve cells in 
1ua(=m o)e-llaMmanrLelaremaatcian| 
more likely to fire. 


Oia aleye(=) 
Current moves towards 
1d a\=mor-]ualole(emeoro)anle)(-iaiave| 
1ua(=or| qo1e]| om Oy ar-lave|ialemunt= 
fo) FeXoxs) pal=)al ae ymm nals 
electrodes alters the 
effect on brain function. 






AN areye (=) 
ai atew-latele(=Me(=lIhVcles) 
ou] aaclalmige)aamualcme(s\Vi (ers) 
across the scalp and 

Taken dal=e ol e-l1an 








HACKING THE BRAIN 


\V/Col ke) mexeyaluge)| 
If the current is applied over the 
ranre)ke) aero) ak=> em lanl alel @=tohs{o05 
excitability of the nerve cells 
responsible for movement. 


Wires 

NAY ctel@eleldaclal me) i 

Fl aelelaleme)al-m com ave) 
raaliiitelan) eXe\acsoms) 
delivered to the brain 
for 10 to 30 minutes. 


DT=\Vi(ox=) 

Powered by a 
Jianle)(ewaliavcmaelie 
battery, the device 
delivers a constant 
current to the scalp. 


I 
I 
| 
| 
! 
! 






































VATU Fe) ole) coxa) old (e) a] 
NATO] mace) anateld(e)amicm e) celerssos-=\e r-] mau als) 
back of the brain, and electrodes 

fo) reLoxelo Mi al=)a=Mer-]am-10(e]nalcalmelelar-le) (inv 
to interpret our surroundings. 


= 
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Vola Caremancielas 
bo) i/aalelteld(elame)mualsmigeyals 
of the brain seems to 
improve short-term 
lnatclantolavar-larem(=r-laalialep 
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editing 
nA) BCH a =s=i-t-] cov al=) acme) a di alemlame(=lalsmeveliaiale| 
made a breakthrough. They used a new 
1eYo1 nyal(e[O(-muo mere um dato alllant-lamel=)ale)aa(cW-] Mc iKatoMe) | 
1 a\=1] axes ale ess) | ale Pe) e\=lalialemualsmileteleley-lk-\om cele 
ore 1 Ko)aalis} lave me] acemanvexeliavdiale mele| ae [=laicii (oe 

The system that they used is called CRISPR. It 
is adapted from a system found naturally in 
bacteria, and is composed of two parts: a Cas9 
enzyme that acts like a pair of molecular scissors, 
and a guide molecule that takes the scissors to a 
ic} of =\o1) somsi=xe1 (0a me) BINA 

What scientists have done more recently is to 
hijack this system. By ‘breaking’ the enzyme 
scissors, the CRISPR system no longer cuts the 
DNA. Instead, it can be used to switch the genes 
(oa ir-] alee) ame) enV ITP iealele) mel at-late|iavemaarcm DINYA\ 
sequence. At the moment, the technique is still 
experimental, but in the future it could be used to 
repair or alter our genes. 
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The CRISPR complex works like a pair of 
DIN VANSsI al] ©) ©) [ate msxel ts10) 6 


With the latest technology we can decipher what the brain ts thinking, and we can talk back 


WM elem eroveat-bemoye-bbeMlcndel-paeloscimeeeste)(e.ecjuanlenenas 
in the known universe, but ultimately it 
communicates using electrical signals, and the 
latest tech can tap into these coded messages. 
Prosthetic limbs can now be controlled by the 
mind; some use implants attached to the surface 
of the brain, while others use caps to detect 
electrical activity passing across the scalp. 
Decoding signals requires a lot of training, and 


it’s not perfect, but year after year it is improving. 


Itis also possible to communicate in the other 
direction, sending electrical signals into the 
loyecubampaCcimsetcUmbecve)t-bolacpey(elqulevercdelameelel-Bimbelie 


042 | How It Works 


electrical pulses and deliver them to the optic 
nerve, and cochlear implants do the same with 
sound in the ears via the cochlear nerve. And, by 
attaching electrodes to the scalp, whole areas of 
the brain can be tweaked from outside. 





Transcranial direct current stimulation uses 
weak currents that pass through skin and bone to 
the underlying brain cells. Though stillin 
development, early tests indicate that this can 
have positive effects on mood, memory and other 
brain functions. The technology is relatively 
simple, and companies are already offering the 
kit to people at home. It’s even possible to make 
one yourself. 

However, researchers urge caution. They admit 
that they still aren’t exactly sure how it works, 
and messing with your brain could have 
dangerous consequences. 
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Neil Harbisson Is a colour-blind artist with an implanted antenna that turns colour into sound 


Exosuits can amplify your natural movement, while 
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Community 





biology labs 


We spoke to Tom Hodder, technical director at 
London Biological Laboratories Ltd to learn more 
about public labs and the biohacking movement 


Interview bio: 

Tom Hodder studied medicinal 
chemistry and is a biohacker working on 
open hardware at London Biohackspace. 


What is the London Biohackspace? 
The London Biohackspace is a biolab at 
the London Hackspace on Hackney Road. 
The lab is run by its members, who paya 
small monthly fee. In return they can use 
the facilities for their own experiments 
and can take advantage of the shared 
equipment and resources. In general the 
experiments are some type of 
microbiology, molecular or synthetic 
biology, as well as building and repairing 
biotech hardware. 


Who can get involved? Is the lab open 
to anyone? 

Anyone can join up. Use of the lab is 
subject to a safety induction. There isa 
weekly meet-up on Wednesdays at 
7.30pm, which is open to the public. 


Why do you think there is such an 
interest in biohacking? 

Generally, Ithink that many important 
problems, such as food, human health, 
sustainable resources (e.g. biofuels) can 
be potentially mitigated by greater 
understanding of the underlying 


(Ooyanlanlelali ava t=] essw-] cow ele) e)e)[avemel o-]|Me)i-16 
the world, providing amateur scientists 
with access to biotech equi 





processes at the molecular biological 
level. I think that the biohacking 
community is orientated towards the 
sharing of these skills and knowledge in 
an accessible way. Academic research is 
published, but research papers are not 
the easiest reading, and the details of 
commercial research are generally not 
shared unless it’s patented. More 
recently, much of the technology 
required to perform these experiments is 
becoming cheaper and more accessible, 
so itis becoming practical for 
biohacking groups to do more 
interesting experiments. 


Where do you see biohacking going 
in the future? 

I thinkin the short term, the biohacking 
groups are not yet at an equivalent level 
to technology and resources to the 
universities and commercial research 
institutions. However in the next five 
years, I expect more open biolabs and 
biomakerspaces to be set up and the 
level of sophistication to increase. 

I think that biohacking groups will 
continue to perform the service of 
communicating the potential of 
synthetic and molecular biology to the 
general public, and hopefully do that in 
an interesting way. 
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The cotton candy machine was invented in 189g by candy maker John C Wharton and dentist William J Morrison 


Collection bowl 
Strands of molten sugar Spinning force 
are flung into the collection Centrifugal force pushes the 
; f j bowl, where they cool. molten sugar through the 
h ; 


+. 
work? —— oat 


Perforated 
drum 
Sugar is placed inside | 
Find out how these clever 
contraptions spin sugar into Heating 
a delicious sweet treat 3 oement 













a | 


a metal drum with 

lots of tiny holes in 
the side. 

The heating element 

reaches 150 degrees 

Celsius to break down 


i 
iY ei 
: the sugar molecules. 





Candy floss 
The quickly cooled 


\ sugar sets into fine 
\\ threads known as 
cotton candy or 


candy floss. 





Motor 


A motor spins the metal 


a drum at 60 revolutions 


The strands of candy floss are per second. 
gathered on a stick and served ee, 





Glass frosting is 
especially useful 
when curtains or 
blinds would make 
em cole) aamnele mer] a. 





@® TECHNOLOGY 





t first glance, a pressure cooker looks 

like any other pot, except for one 

difference - the lid locks in place. And 
this gives usa clue to how it can cook food so 
(opUbCelCehiambimrcolomalcr-um- mae. lonlm(eyer-)mblolol-remelelmeyi 
water on a stovetop, the highest temperature 
the water will ever reach will be 100 degrees 
Celsius. As it approaches this temperature, 
bonds between water molecules begin to 
break, turning the water into steam, which 
rises out of the pot. But pressure cookers use a 
series of clamps and bolts, along with a rubber 
O-ring, to seal the lid firmly to the pot, holding 


The secret to high- 
Py elersremerere) (lave, 


ed =S-3-J 0g =moxele).(=1 p-Mexe)anle)/al=macels 
VVFc1 k=) amr=lale Moi K=t-] ppm Ko merele) @ jolele| 


Handle the 
pressure 

The lid is locked 
closed either using 


clamps on the handle 
or a mechanism that 
pushes against the 
sides of the cooker. 





|=) 9995) 2 


Show your 
metal 

Because of the high 
pressures involved, 


pressure cookers need 
to be made of tough 
materials - aluminium 
and stainless steel are 
the most popular. 
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How does pressure 
cooking work? 


The airtight tech that speeds up 
cooking while using less energy 






onto the steam and the hot water. With 
nowhere to go, air and water pressure build up 
inside the cooker, which in turn makes it harder 
for the water to boil. In fact, inside a pressure 
cooker, water has to reach 121 degrees Celsius 
before it can turn to steam, and this higher 
temperature reduces the cooking time. Asafety 
valve in the lid regulates the pressure in the 
cooker, so that it can’t eventually get so When the pressure gets too high, a 
: , valve on the lid releases some steam 
pressurised that it explodes! The valve 
automatically opens ifthe pressure increases 
beyond what is needed to maintain the cooking 
temperature to ensure your safety. 


Turn up the heat Blow some steam 


Inside a pressure cooker, the Steam and water is 

high pressure increases the usually sealed inside the 
boiling point of water to pot, but a spring- 
beyond 100°C, which makes on loaded safety valve lets 


food cook quicker. s> 9 steam escape if 
pressures get too high. 


Seal it all in 
Because pressure 
cookers rely on 
trapped, high-pressure 
steam, the rubber seal 
between the lid and pot 
is very important. 


Add water 


Pressure cookers 
need water in order 


to cook food - most 
manufacturers 
suggest filling the 
pot two-thirds full. 


© Thinkstock; Illustration by Nicholas Forder 
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In the 1970s, New York City banned the use of garbage disposal units, believing food scraps would clog sewers 


Smile detection makes it 
easy to take the perfect 


portrait or selfie 


garbage 
disposal 
units work? 


No blades are needed to getrid — "orsttastiachel 
of your unwanted leftovers make food disposal simpler 














4. Shredder ring 


relat : Centrifugal force keeps 
Food waste is the food up against the 
flushed into the ridged shredder ring, 
Srincing chamber which gradually breaks 

it down. 





by a continuous 
stream of water. 





3. Impellers 
Impeller arms on 
the spinning 
flywheel fling food 
waste against the 
chamber walls. 

















| 
PPE 
7 fi 


5. Drainage 
chamber 
The now liquefied 
food waste is 
flushed through 
holes in the 
flywheel by the 
running water. 


6. Drain 

The waste exits 
the unit through 
a drainage pipe, 
and then enters 
your household 
wastewater 
system. 


2. Motor 
When the unit is 
switched on, the 
motor rotates the 
metal flywheel 
above it. 


© Thinkstock; Illustration by Adrian Mann 
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One S 


Teardown 


Take a look inside the new, 
slimmer Xbox console 


amers have just been given an upgrade 

with the release of the Xbox OneS-a 

new, more powerful version of 
Microsoft’s Xbox One. There are extra features 
packed into a smaller box, meaning gamers 
will be able to enjoy 4K video and HDR gaming 
for the first time on an Xbox. 

While the console isn’t getting a proper 
power upgrade (that will come with the release 
of Project Scorpio in 2017), it has been equipped 
with anew HDMI2.0a port. It is this addition 
that will enable gamers to watch Ultra-HD 
Blu-rays and stream in 4K. Plus, the new 
High Dynamic Range technology (or HDR) 
increases the contrast ratio between light 
and dark colours, making games brighter 
and more immersive. 

Of course, all of this has been fitted intoa 
console that is 40 per cent smaller than the 
standard Xbox One. Even more impressively, 
the power brick, which previously had to be 
plugged into the back of the Xbox and trailed 
across the floor, is now integrated into the 
console itself. There are new storage options, 
too - you can pick up the console in 500GB, 1TB 
or 2TB configurations. 

The refreshed design continues on the 
outside of the console, too. The power button, 
which was touch-sensitive on the Xbox One 
(and became annoying for those who had 
inquisitive dogs with wet noses), isnowa 
physical button. There is also an infrared 
blaster on the front to make 
switching on all your 







The casing 

Ii avew eXele \Vae) mdal= 4 0le).4 
One S is 40 per cent 
smaller than that of the 
original Xbox One. 


Cooling system 

Wh alsme|f-lalanr-lamarcy| esmne) 
keep the Xbox One S 
‘oroye) PAV acorn miomlan) elelat-lals 
when so much power is 
being used. 


Inside the 
Xbox One S 


How does it pack its power 
into such a small space? 


Front panel 

Wi alicm exer] aem alee ssy=ss) 

Tan) eXe)ar-lal mere) niuge) om lca 
the infrared blaster and 
the Bluetooth module, 
AV a1 (eam (21 RoMYZOL0 exe) al alciorl 
Wrelel mere) niuae) | (=) ace 





devices at once more 
straightforward. For 
those who weren't sure 
about investing inan 
Xbox One in 2013, now 
might be the time to 
take the plunge. 


RAEI TTT rir ri iri itil iri iieri i iri 
PRET TET TTT rer rrr rec irriiiiriiir iii 
CECE eraii iii) 

PTT U TULLE IIclialititiititiiiiii eri iia 
LOPE 
Tru TC PSL eeeeeee 
PrTTTITIT TILE eA 
SEH eeeee ee 
TILt i. SNe ed eebdebbheh hen 
eee eee ee eter isecesssenassceesnenreecaaeeusesssst 

Pde rr 

+HTTTITTILLLLL eerie 
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PORE EEE EE EEE E ee paneeneansareasarenernee 





050 | How It Works 


The new console 
can be used 
horizontally or 
vertically, but 
only early buyers 
will get a stand 
in the box 
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Microsoft has hidden a small image of Master Chief, from its famous Halo series, on the optical drive casing 


Optical drive Anti-rattle bumpers 

The new Xbox One Tassice(=W unl (oMeor-so} ia lem] coma om aele)ol=lg 
supports 4K, so this bumpers, which are likely to be 
aY=AVAVAe) ©) [er] Mela hVem AIL there to prevent the optical drive 
also play UHD Blu-rays. from rattling as it spins. 





The new controller 
features a grippy 
surface on the back 
to help gamers stay 

in control 


Ports 

(OFa Wh at=m oy-(e1 @cel0M | Malalem-]|mual= 
same ports as the standard Xbox 
One, except for the Kinect port 

- you'll need an adapter for that. 





Hard drive 

The new Xbox One S 
(0) X=) 6 IAL B=) Ke) g-1e (=) 
(o)o) d(o)ammr-](olalemuV iin ans 
r=] ale feo} 0101] 5M anleyel=lice 


Motherboard 
The new chips on the rT 
rantela ais) a efey-] com |avei[U(e(=ar-) The xbox 


power-boosted GPU 


(Graphics Processing Unit), One SG allows 

which means the Xbox One 

now supports HDR. gamers to 

watch Ultra- 

HD Blu-rays 

Wi-Fi board 

Power supply This module allows access to a Wi-Fi for the 

The power supply is housed network, enabling users to play ; s ” 

inside the Xbox One’s Yere]iatcimmiat=valeksme)alliaew-] are mere) alalzvormne) fi rst time 


casing for the first time. video streaming services. 





© iFixit 
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lridescence 
i atsw xe) os<i(e(=Meoymaal= 
butterfly’s wings 
r] 0) oley-]a-mkoms)allaalaalcia 
with vibrant blues and 
(e[ge\elatsmel lalate mual=Mer-\VA 
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DID YOU KNOW? The dirt-repelling, microscopic spikes found on the leaves of a lotus flower have inspired a self-cleaning paint 


iological organisms on Earth have spent 
billions of years evolving to become 


masters of their environments, capable of 


overcoming obstacles in ingenious ways to 
survive in a competitive world. For example, 
certain parasitic wasps use their long, tubular 
ege-depositing organs to bore through several 


centimetres of solid wood, despite their inability 


to supply much downward force. 





Scales 
Butterflies belong to the 
order Lepidoptera, which 
means ‘scaly wings’. The 
topside of their wings is 
/ covered in many 
ron{=) ale] 8) el alemcver<] (=1m 


Wave 2 


| Destructive interference 

Fa AVEENV(=) (Yale laalcmeymal(e]al my iaa) 

forola) i [eid ialem eX=t-],<om-]aremagelele]a\omy || im 
cancel one another out. 


occ Treyate 


External light penetrates 

1a) cel0 le] amual=me|t-lssceer-lale| 
wavelengths able to escape 
again are projected, 
o(=1nelaanlialiaremuatomere)(olel a 


Adjustable panels 

The size of the gaps between 
the panels can be adjusted, 
allowing only the wavelengths 
that directly match the size of 
the gap to be reflected. 





They achieve this by sliding the two halves of 
the ovipositor back and forth to penetrate 
further into the wood, while causing little 
oh sjabodoy-balecncondelcecwepacelenelenvetee-Dacr-mm Nenls 
mechanism is quite different to drills currently 
used in construction and neurosurgery, but 
scientists have taken inspiration from this 
natural technique to design innovative tools, 
such as new steerable medical probes. 


Natural Tere) (oles a ColnYar- Bm olUlau=)maNVmlalcie)in-\emr-Mill|prece)(oll|m@m=tig-y-(e(-1¢ 





Diffracted light 
The pattern of ridges causes 
Tatexeyaaliavemite|avmmeemalimellacclacials 
depths within the structure, and 
be reflected back numerous 
times. Blue wavelengths are 
Taixslarciialcve mr] ale masvalsvernsvemmuvall (= 
(dats) acwr-]a=Wer-]aler=)| (cco mele lm 


Cuticles 
The cuticles are 
covered in a pattern 
Co) male le(etcwr-]ale| 
cross-ridges, 
formed froma 

hard substance 
(ore) | exe el aviaiae 


Wave 1 


4. 


Wave 2 


Constructive interference 
Light waves where peaks and 
1uge)0 le] alow] ie ]amacsciel| mi lam-lam-lanle)iia(cve| 
MV NAciiclarenuame) mexe) (el01 @ 


PAW aaleiiniqece(=Mey i 
fore) (ol Bg 
The plate gaps can be 
altered 1,000 times a 
second, allowing 
fore)gale)iar-ie(ealsae) i 
colours to be 
reflected. This 
enables the screen 
to display any 
colour across the 
visible spectrum. 


= 
- ws 


Resourceful methods such as this are 
abundant in the natural world, and engineers in 
many fields have begun to appreciate the 
advantages that mimicking plants and animals 
can bring. From construction to combat, 
biomimicry is helping us to discover new ways to 
solve old problems, and opening doors to 
revolutionary technologies that can push our 
own evolution one step further. 






Construction tips 
from termites 


When you think of the world’s greatest 
architects, termites probably don’t spring to 
mind. But these creatures are capable of 

oJel (ell arom alece(=mel|a(=scmere)na]e)(-1kom i214 pmo] Ke) gale [= 
chambers, ventilation shafts and gardens, all in 
(ovate anvelelaleme)meli am 

Ui avewialdalor-1k-marsia)e)a q@emaelalatciicmlarciie(omual= 
rankel0lalemts],<otow-(ehs-] aleele (me) meoxe)a\Vc\oan(e)a mei] aq=)al es 
- where warm air rises and colder, denser air 
sinks - to maintain a stable temperature, 
foxeV@anliddiaemaalcmns)eanlix-somnomr-]aaamaals)iae)dlaat-l av 
fungal food source all year round. 

This miraculous feat inspired architect Mick 
masta] gemkome(=t-1(e]a-Mo10 1} me] [ar-]e)(-melel|(ellalemuar-lan is 
lig=\oue) mee] exexe)atelid(e)aliarem-lalematst-lalalemelaliecpmyclt 
acl aateli acces mere) aniie)a-]e)(-mcslan) elles] he acm \{et-] ca aelelalep 
UKSTale mu atsw e)alatel|e)(=some)mualsmucldaalik-scMmaaremeleli(eliate| 
Tatere) dele) ¢-1k=\e Wr-Bo1-) g( tome) me [0 (el bow-] ale meal anlal=yVss) 
that carried heat upwards and outwards, 
ex2) 0) ale muatem ol6)i(e late mexele) m-lale m=) | Eaclalaifelactep 


—————— 


WK=laanlicasow ole lle mexe)anle)(s) @ciuaelerde| q=t-m com aat-linieclia 
stable temperatures in varying external heat 


= |_| |_| 
Inspiring animals Other tech and engineering feats inspired by animals 


Taale)qediaremaliel ates elst-em esl] 
Be] of- |p cwo lO Okeci=) a (=some) allel ¢lasieam ele li (simu gel atcomexele|(e| 
travel at up to 300 kilometres per 
hour, but created a ‘tunnel boom’. 
WF) dlavemials)e)ig-l(elaminelaamuat= 
streamlined kingfisher beak, 
the nose was re-engineered, so 
newer models are quieter, 
faster and energy efficient. 
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Carel Ulodiare mel rele) 
Sharks are powerful predators, partly thanks to their 
incredible speed - some can swim at 
over 50 kilometres per hour! 
Scientists believe the bony scales 

covering their skin reduce drag 
as they move through water, and 
have used this idea to create 
lnale)a=malelcexeh’/ar-lanl (om eey-]6cn 





Or-Tealelelarsle(=reme(ordallare 
(Ox=19) af-](e) oLelelsw-]|aoW-]0) (=m KoMeiat-lale(-mun(ew-] ©) 0l-)-]¢-]s( Mei 
their skin to hide from predators or 
stalk unsuspecting prey. They use 
lanletsxei(smexe) alu g- eld (e)alcmnen=).40lec\>) 
Weel avd lalem e)ie|aatsialeome) mexe)(e) 0) mane) 
match their background. This has 
oxexlam pal igal(or<clem o)va=)ale|lale\o)ecw-lale 
(oxo) 0] (eM of= Me ls-1o ae) aal-]amer(eldaliale ie 
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ee ; Wy 
Artificial photosynthesis ye 


Converting harmful gases to eco-friendly fuel with a man-made leaf 


Plants have been sustaining animal life for 
hundreds of millions of years. By absorbing 
carbon dioxide, water and energy from the Sun, 
they produce oxygen and energy in the form of 
carbohydrates. Scientists have now developed 
an artificial leaf capable of doing the same. In 
fact, the artificial leaf is up to ten times more 
efficient at capturing solar energy than its 


natural counterparts. It uses catalysts to split 
water into oxygen and hydrogen. Specialised 
bacteria are then able to convert the hydrogen, 
along with the carbon dioxide, into liquid fuels. 

This revolutionary technology, capable of 
generating liquid fuel with no carbon footprint, 
could be an important tool in reducing our 
carbon dioxide emissions. 


Harnessing plant power 


Whether they’re made in a forest or a lab, both types of leaf operate in much the same way 


















Natural light- 
harvesting conductor 
Protein complexes within the 

leaf catalyse the splitting of 


Sunlight water using an electric current. 
Light energy 
reaches the leaf’s 

HYDROGEN IONS 
chorophyll 


AND ELECTRONS 
molecules and 


‘frees’ some of 
their electrons. 


GLUCOSE 
C.H,,O 


Ganl26 


*~ CARBON 
DIOXIDE 


Splitting water 
The chlorophyll replaces its lost ' 
electrons with some from water, OXYGEN 
splitting the water into hydrogen 


and oxygen in the process. | a 
Oxygen as a waste product 


Carbohydrate production 
The split atoms are combined with 

carbon dioxide to form sugar that 
can be stored as an energy source. 


The leaf releases unneeded oxygen 
into the atmosphere. 












Renewable 
atin, energy 
a ~ Specialised 
Li ght om ® bacteria convert 
Light energy is HYDROGEN nyarogen ane 
absorbed and e° caoen aoe 
produces VC Ww @® noe 
‘electron-hole - 
pairs’ in the : 
artificial e _. —-,—% Light- 
conductor. 4 harvesting 
SEMICONDUCTOR ‘ conductor 
ANTENNA ae) © Electrons from 
a ee water ‘jump’ to the 
.«. « = Ss i) conductor, splitting 
= the water molecules 
Splitting | “Be WATER ee in the process. 
water cium 
Twocatalysts (Qe teecttteessneeeeeenees 
made from ~ 
inexpensive Oxygen 
materials drive Like its natural 





the splitting of 
water into oxygen 
and hydrogen. 


counterpart, the 
leaf releases oxygen 
as a byproduct. 
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“The artificial leaf is 
up to ten times more 
efficient at capturing 
solar energy than its 
natural counterparts © 


Improving 
efficiency 


a (o)vi"arclallaatcl om ate icem (stem ne) 
Yor (sy a] Wi aleme| tyexe) (2) a (23> 


Velcro adhesives 

Not having to tie your shoelaces 
was a great thing in the early 
Yor alole) me l-\VAar- ale MVM AT \ Ve 
odceanlianlceravacom dat-lal.q@e)g 

it. The invention 

NVFe Ksexe) aexeThV{216 

elatclar-lamelale ialcvele 

fave) a (exsvom ate 

well the tiny ‘ 
avete).eomelam®)(-lais 

Ul gacmel ale) elzve mice) 

his dog’s fur. 


Superior wind turbines 
Humpback whales are amazingly 
dextrous animals, despite their 
rantelaniantelaamciy4s¥me(0(om Kom [-]ge[-mel0l pa el~ 
- known as tubercles - found on 
the edges of their flippers. This 
feature improves lift 

and reduces drag as 

the whale 

performs tricky 

manoeuvres, 

re] ale mexol0] (eM of= 

Talexe)g elele-1nve 

Talkem relatsy 

Fe\=) a0) 0) F-lalkowel are! 

wind turbines. 


Harvesting water in 

the desert 

The Namib Desert is one of the 
driest habitats in the world, but 

(o Fela s4ll aren oleveia (tom at-hViow patel arele [ave mne) 
survive there - by sticking their 
igete] me)alescw lam dal=w-]] ar-lale mere) | (=\eal lave] 
water vapour. Researchers have 
1Kel0] arom nal (orgessvexe) 0) [ome] gele)’(=1-me)a uaa 
beetle’s forewings that help 

to funnel water 

towards their 

mouths. These 

grooves are 

raey a exe}iale| 

Tarexe)g ele) e-ln=ve 

Taixeme(=ss1(e] als) 

used for water 

(ore) | (=Yoal (ola me (=\leoce 
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DID YOU KNOW? AlphaGo, an algorithm composed of a brain-inspired neural network, defeated the world champion at Go 


ae 
——" 


‘= ’ 
ml s aa 


> 
oe A 


oe oe ; 
Modha presents 4 


Mimicking intelligence E re 


As well as being the source of our creativity, the 
structure of the brain is an inspiring innovation 


system containing = 


The human brain is often said to be the most 
(ole) an} e)eler-tnaromeo)(s1em nema elcm este semenevhucyactey 
encompassing around 100 billion neurons 
arranged ina massive network, where each 
neuron is connected to approximately 10,000 
(o}d al-vaspuOlosmciehel-yaloyar-}eleineletcnneM(ct-besmebeln-vaeyaclt 
and think creatively has helped us to cure 
diseases, place humans on the 
Moon, and develop helpful 
computer programs that 
surround us in our 
everyday lives. 

(Coy anh ovbicsy am oleniy(s)ar-bere! 
capability has 
improved massively in 
the past few decades, 
and today a computer 
can solvea 
saetchmalspeatsleler-¥meyceloylcveel 
almost instantly, much 
faster than the human brain. 
Shops, schools, hospitals and 
laboratories all use these machines 
as an integral part of their working 
systems. 

These tools are highly capable at certain 
tasks but cannot yet match the brain’s most 
incredible attributes. Our sophisticated organ 


The human brain 


Neural network 


can interpret and process sensory data on an 
unparalleled scale; we can stand on the beach 
in the summer listening to the waves, watching 
the birds and feeling the heat of the Sun, and 
compose all of that data into a cohesive setting. 
AVi(eMetsbale-Ukstom(er-baau-baleu-\ol-}elmene)sem=>.¢el-vel-velacicn 
JsXoldeR-laaelolvuccrcmyelelomelsmanrcd evar, 
advantageous for a computer 
program to harness. An 
algorithm has recently 
okexeyameleny(e) ce) elcremaetslmts 
capable of analysing 
images from MRI scans 
to diagnose tumours 
or anomalies, and 
developers of artificial 
neural networks have 
also taken inspiration 
from the brain to 
produce programs that 
are capable of learning 
by practice. 
These programs still havea 
long way to go to match the power of the 
world’s greatest supercomputers sat snugly in 
our heads, but by using the brain as a model, 
we are growing ever closer to inventing a truly 
powerful artificial intelligence. 


Axon 


\ i TrueNorth chips. 


Neurons ona 
computer chip 


Researchers at IBM have turned to the 
architecture of our brains to develop the 

HT ae(=)\ Co) aun mere)pa)|elein=)areinl| op-Mole-llatliatsje)ig-ve 

fe) golex=s-s-10) maida Maal iiicelam-laaii(elt-]masielaelalsw-lare| 
256 million artificial synapses. By mimicking the 
iaateel0) t-]ar-]alemaleyd]e)(-mel=s-e]ame)maalcme)e-|/ammaals 
researchers developed a scaled-down 
neurosynaptic network with integrated 
(oxe)ag) ole ie-14e)am-]avem aat=)aale) a’Amr-]ale mexe)alcyle(=la-]0) (= 

fe) goxex=t=4-) [ale ole) N'Z=) eam Malem e)aele|e-lanlaaliavemt-late[er-le(= 
unique to this machine is in the process of being 
ante lelsmexe)anlpatsiaelt-li\areh\’fcl ltele)(-MesxeM (om aaleh’al ate hVZe) 
o) a=) [aball <omexelan) eel n=lesmere)aidae)|iiatemelels 
smartphones in the near future. 


“We may have 
brain-like computers 
controlling our 
smartphones © 


Synapse 


The axon carries information 
away from the cell body 
towards the synapse. 


The neurons interact by transmitting 
electrical currents, and can receive 
information from multiple sources. 


Chemical messengers known as 
neurotransmitters are released and 
traverse the gap between neurons. 


Our brains are immense networks of 
nerve cells that fire electrical signals 
mom) Corat-lave(=Miniie)snarelace)al 





Brain power 

Folds and wrinkles cover the 
surface of the human brain, 
increasing the surface area 
to pack in more neurons. 


Dendrite 

Multiple branches, known as 
dendrites, receive incoming 
signals from other nerve cells. 


Postsynaptic cell 

The combination of signals from its 
neighbours determines whether the 
next neuron will continue the message. 
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Robotic animals <_ 


Coyetsiaaeleispalcment-leebselscpleperclnveacckopnestelee 


When we imagine a dystopian future, it’s 
almost always filled with robotic assistants. We 
do not have to stretch our imaginations too far 
to think of ways that machines could help us: 
they could play a role in warfare, join rescue 
teams, or carry our shopping. Today, many 
scientists are dedicated to constructing 
machines that can fill these roles - and finding 
the optimal designs was easy, as nature had 
already provided the templates. 

Animals have adapted to excel in every 
environment on the planet. Species exist in 
extreme temperatures, reside on 
mountaintops, and live in the depths ofthe 
ocean. Engineers hope to capture their natural 
affinity for these locations by copying their 
specialised features and characteristics. 
Imitating animal anatomy also allows us to gift 


Building the BigDog 
AM alemer-lalial=M ae) elemrere)anley-lalcolamicme(=s-1(elarsvem ne) 


if-or 4(=Maelece|amusiae-liamm lel mave\ime(el=\-M i u-w-lar-lkeleels 
compare to that of man’s best friend? 


Onboard computer 

Mi] Cures ©) =] [a Wa omexe) alcxe) [et-hactow-] | Mey i 
the sensory information to regulate 
anieyY{=)anelalemelaremece)aalaalelal(erciccsomuian 
em c=ipace)eemalelaat-]ame)e\-le-]kel a 


Joint sensor 
Take)danteiuceamice)aam(eyiais 

12) also) acm omero)aale)| (sve mne) 
determine which feet are 
Tamexo)ale-lormyiidnmual-melcolelacen 
This is useful for changes 
in terrain. 


(saeeett 
i 
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ANea WEF) Ke) g 
ah avemclaleliavemela\ crm allelats e)actsiiel a= 
oil to a system of hydraulic 
pumps, which behave like 
Fe] adh a(elt-] man leisyel(=som Kom ele) (=) au ual= 
actuators in the legs. 


ee) olelesmivsideu-lopesbeccle)(= 
abilities, suchas 
incredible speed or the 
power of flight. 

Huge inroads have 
already been made towards 
building these machines. A 
cheetah - the fastest land animal 
on Earth - achieves great speeds 
using its flexible spine. The animal’s 
robotic counterpart, developed by Boston 
Dynamics, flexes its back in a similar way to run 
at over 45 kilometres per hour. Meanwhile, the 
giant AlphaDog can carry up to 180 kilograms 
over large distances, the robotic equivalent ofa 
reliable pack mule. 

From the tiny RoboBees that could pollinate 
crops or monitor traffic, to the ape-like android 


Oveyanleleria(elamelare liars 
Bi arsm=)areliavem ©) ae ale (=som ele) "(21am 8), 
burning fossil fuels and is water- 
cooled to prevent overheating. 


Muscle 


'sXoy=1K0) am DAViar-]aal (ose 

3 (e] Xeon me(=s-)(e]alclem Ke 

help carry soldiers’ equipment 

1) Ro) ale) galolel<jhvme)\(=) arerelanle) (=> altel ae-lia 


that might even help us to explore Mars, robotic 
animals of all sizes are really starting to show 

id elcyhap ole)n=salnt-lem-balomeelce-he)e)blerumlepatce-le)elcr-B ane) 
be endless. 


Sensor platform 
Like sensory organs, a 
number of sensors, 
cameras and even a GPS 
system all help the 
machine to navigate in 
(oliaxclaclalemavalvdlaevalaatcialece 


Attached to the skeleton 
by tendons, muscles 
dictate movement by 

ro) ger-lal icicle mere) alie-[o1u(e) aloe 


Brain 
a iatsme)e-liamiaincia)asies 
Taleslaatel ire] are mcs) assve) ays 
signals to determine 
lol=\are\ alee] are] ale Maciel 0] fe1K= 
homeostasis. 


Heart 
Bi avemarzt-lamsiel °)®)[(21s 
muscles with fuel by 
roelaaleyiaremalelaa(=laicaili(cve, 
1e) KoXere m=] ce) 0l ale mual=m elele\VA 


“Finding the optimal designs 
was easy — nature had already 
provided the templates” 
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Legs 
Multiple degrees of 
rotation provide balance 
FVale ire] |(o)war- Me (ole mom at-\Viler-]a= 
Uiate\Viclamcclae-lian 
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Scientists are taking inspiration from octopuses and jellyfish to create ‘squishy’ search-gnd-rescue robots 


Tabbot 


A species of spider in Morocco has mastered a fancy 
party trick: cartwheeling. The spider, known locally 
as ‘tabacha’, flips up and down sand dunes to escape 
predators, and this athletic movement formed the 
blueprint for its robotic cousin, Tabbot. This machine 
is capable of both walking and somersaulting, and 
has the potential to traverse deserts both at home on 
Earth and away on Mars. 


RoboClam 


The Atlantic razor clam is a large mollusc capable of 
digging at incredible speeds that human drills cannot 
match. It achieves this by forcefully opening and 
closing the shells on its body to turn surrounding soil 
into liquid, reducing the resistance faced by the clam 
as it burrows further into the earth - and all at a low 
energy cost. Engineers have designed a mechanical 
device based on these principles that could be used 
to anchor submarines in the future. 


Anti-mine lobsters 


Underwater mines pose a serious threat to military 
submersibles, so the US navy has envisaged 
deploying robots to scout the sea floor in pursuit of 
these hidden dangers. In order to develop a 
machine capable of effectively scouring the depths, 
they designed a robotic lobster - with the aim of 
capturing the natural version’s efficient, wave-like 
motion - and attached mine-detecting sensors to 
the frame. 


Rescue 
cockroaches 


Cockroaches are typically regarded as disgusting 
nuisances that are notoriously difficult to kill. 
Researchers found their exoskeletons could 
withstand a force of 300 times their body weight 
while still moving, and that they could continue to 
scuttle rapidly in extremely tight spaces. Their 
flexible design led to the inception of CRAM - or 
‘compressible robot with articulated mechanisms’ 

- that has been constructed in the cockroach’s 
image. The capability of this machine to navigate 
through small gaps has made it an able candidate as 
a rescue robot, so perhaps in the future the sight of a 
cockroach will bring a sigh of relief rather than a 
scream of terror. 


The CRAM robot can 

continue crawling a 
even when it is im ne 
squashed to half 
its normal size 
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“Perhaps the sight of a 









“Deep submersibles woul 
benefit from a lightweigh 


oe reversible anchoring mechanis 
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cockroach will bring a 
sigh of relief” 


The shape of the robot lobster emulates its natural 
equivalent’s ability to hunt among rocks 


Studying the exoskeleton of 
the cockroach has been useful 
for scientists 
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Good and bad 
cholesterol 


Meet the molecules that regulate 
the levels of fat in our blood 
















Narrowed channels 
Plaques increase blood 
pressure by restricting 
available space in the artery. 


Blockage 
When plaques build up in the 
arteries, it causes a condition 
called atherosclerosis. If they 
block completely, it can result in 
a heart attack or stroke. 


Depositing fat 

Low-density lipoproteins release 
cholesterol as they travel through 
the blood stream. 


‘Good’ cholesterol 
High-density lipoproteins 

Plaque contain more protein than 
cholesterol. They hold onto 


Fatty deposits can 
build up into cholesterol and transport it 
plaques on the to the liver. 
walls of arteries. 
Lipoproteins 


Cholesterol is a type of fat that 
travels through your blood in 


F ; structures called lipoproteins. 
Bad’ cholesterol s~é—‘“‘«é«WWee ae atsalll referring tv 


Removing fat 
Good cholesterol, or 
high density 


lipoproteins, help to Low-density lipoproteins different kinds of lipoproteins 
remove fat from the contain more cholesterol when we talk about ‘good’ or 
bloodstream by than protein. They tend to ‘bad’ cholesterol. 
transporting it to the deposit cholesterol on the 

liver, where it is walls of arteries as they 

broken down. travel through the blood. 


AWW e) FeKyeateliey-) 1 
produces to 
VelalmissF-latelecmceldag lx 
in a similar way to 
fKelaldaliavem exe) ia) 





Americans alone spend almost $3 billion ag year on deodorants and anti-perspirants 


Deodorant vs 
anti-perspirant 


The science behind the sprays and roll-ons 
that rid your underarms of unwanted odour 


ody odour is produced in many animals, 

but for humans it is generally considered an 

unpleasant stench - and most people 
choose to avoid it altogether by using deodorants 
or anti-perspirants. Sweat is produced by two 
different types of glands in our bodies. Eccrine 
glands are attached to hair follicles beneath the 
skin, covering most ofthe body. These are 
associated with the sweat we produce when we 
need to cool down, which mainly consists of water 
and electrolytes. Apocrine glands are found 
beneath the skin in areas like the hands, feet and 
underarms. These glands are associated with 
nervous perspiration, and produce sweat that 
contains proteins and fatty acids. 


Why do 
gym clothes 
smell? 


Exercise is a healthy yet smelly business, 
but some sportswear gets much more 
pungent than others. Various studies 
have put different materials to the 
test, and found 

that synthetic fabrics like 
polyester are more prone toa 
post-workout pong than 

natural fibres like cotton. 

Clothes made from cotton 

absorb moisture, so sweat and 
the smelly compounds produced by 
bacteria get soaked up by the natural 

fibres, where our noses can’t detect them. 
Polyester clothes don’t absorb sweat, but 
instead trap the particles on the surface, 
where odour-producing bacteria can feast on 
them. Studies also found that some bacteria 
species seem to thrive on polyester clothes, 
but are less able to grow on cotton or wool. 
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Sweat itself doesn’t smell, but when the bacteria 
that live on our skin digest the proteins produced 
by apocrine glands, they produce some fatty acids. 
The unwanted aroma is often at its most pungent 
inthe armpits, due to this area being warm and 
moist, conditions in which bacteria thrive. 

Both deodorants and anti-perspirants are used 
to counteract this undesirable scent, but they work 
in different ways. Deodorants mask the smell and 
work against it by using anti-microbial agents such 
as triclosan to kill the bacteria. They make your 
underarm skin too acidic to harbour this type of 
bacteria so no body odour is created. Deodorants 
do nothing to stop you sweating though, which is 
where anti-perspirants come in. 









If your gym bag is 
particularly pongy, try 
Swapping your polyester 
workout clothes for cotton 





Inan 
attempt to - 
tackle the iW 
problem atits _ 


source, anti-perspirants 

block your sweat glands. These 

products contain aluminium ions, which can be 
taken up bythe cells lining the eccrine sweat 
gland ducts. As the aluminium ions enter the cell, 
they also bring water, causing the cells to swell. 
This effectively seals the ducts so sweat can’t reach 
your skin for bacteria to feed on. The blocking of 
the glands is only temporary, and the time taken 
for you to start sweating again depends on the 
strength ofthe product, and who is wearing it. 
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The human heartbeat 


How one of your hardest-working muscles keeps your blood pumping 


“ & our heart began to beat when you were 
’ a four-week-old foetus in the womb. 
Over the course of the average lifetime, 
it will beat over 2 billion times. 

WW alt= aler-bamisReeyecholessicromeymiolepaelersbeslel-vas 
separated into two sides. The right side receives 
(oKcLop.qrsexeyetchnsrem o)loleromecevesmmelcmoreroniar-belem eepestels 
it towards the lungs, where it picks up oxygen 
from the air you breathe. The oxygenated blood 
returns to the left side of the heart, where it is 
sent through the circulatory system, delivering 
oy ayeXeyee-belemelonmal-velece-baelepeloma etc eleontA 


The cardiac cycle 


A single heartbeat is a series of 
organised steps that maximise 
eo) (overets ellen) oliarem=iaa(el(=1a veal 





Right atrium 
Deoxygenated blood from 
the rest of the body 
enters the chamber via 


Diastole 
The cardiac muscle 


cells are relaxed, 


the superior and inferior 
vena Cava. 
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Left atrium 

Oxygenated blood arrives from 
the lungs via the pulmonary vein 
and flows into this chamber. 


allowing blood to enter 
the ventricles freely. 





The pumping action of the heart is 
coordinated by muscular contractions that are 
generated by electrical currents. These currents 
regularly trigger cardiac contractions known as 
systole. The upper chambers, or atria, which 
receive blood arriving at the heart, contract 
first. This forces blood to the lower, more 
muscular chambers, known as ventricles, 

AVA aBLel ola o-vemere)eime- (erm nen olvrcjemeyleeleme)vimmonnels 
body. Following a brief stage where the heart 
tissue relaxes, known as diastole, the cycle 
begins again. 





a avow niet] am exe) ats) (c] acme) ance) 0) akelat-lanle\=\ ach 
separated into two sides 







Atrial systole 
The atria contract, decreasing 
in volume and squeezing blood 


through to the ventricles. Blood enters the 


ventricles 

The blood moves down into 
the ventricular chamber due 
to a difference in pressure. 





Ventricular septum 
A thick, muscular wall 


separates the two ventricular § 
chambers of the heart. 
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DID YOU KNOW? The ‘lub dub’ of a heartbeat ts the sound of the two sets of valves within the heart slamming shut 














Fight or flight 


yA al=t<] au ol-v<i mm ol=te] | alcw-] md al=M<)| aley- 1a al] marele (=m el0late| (-Meyi 
specialised cells in the right atrium. This acts as a natural 
pacemaker by generating an electrical current that moves 
rT throughout the heart, causing it to contract. When you are at 
O VC [ the rest, this happens between 60 to 100 times 
fokevamanlialeineme)am-\icle-le (Mm Olale (2) min cctsogi8) 


C OU [ 1S) = of situations however, such as an 


encounter with a predator, your 


th = ‘a VA md [ | C ole] amyl melenne)aat-1aler-] i Nadalele[-\ar y 


‘fight or flight’ response. 


lifetime, C = This results in the release 


‘oy malelaslatelilatemelarel 


hear t AVA | | late) g-lelq=darel [falc are)aanreyaless 


idatelmevat-lave(-Mmuats ae 


b eC Gi C O Vim [ c conductance of the 


aT . ” SJ aley~] "at-] marele (=H late! g=t-Io} [are] 

Bien times heart rate, and so providing 
the body with more available 
nutrients to either fight for ANola=Varelilatem-laremaleleclelaslarellialsmstcre! c-i(ela| 


survival or run for the hills. Kre(e)¥=)a0\=xe 0 o)’aid ate anv, eelaate)(-lenlels 
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Closure of 
cuspid valves 
The valves snap 
shut to prevent the 
blood flowing back 


into the atria. Blood enters Ventricular systole 
the atria ; The ventricles contract, 
Circulated blood | =a * increasing pressure as 


returns to the atrium : the volume of the 
to begin a new cycle. oi chambers decreases. 


Atrial diastole 
The electrical 
current moves past 


the atria and the 
muscles relax. 





Thick muscle tissue 
The more muscular tissue of Semi-lunar valves open 


The pressure in the chambers forces 


the ventricles allows blood 
to be pumped at a higher 
pressure than the atria. 


blood through the valves and into the 
aorta and pulmonary artery. 


© Dreamstime; Illustration by Ed Crooks 
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Subscribe to our channel to 
see your curious questions 
answered on camera 
youtube.com/howitworksmag 


PAs) VIDECSs 
5 sleep myths — debunked! 
How do double joints work? 





The science of muscles 
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bo) Wa] omexe) (oles 
Litmus paper is 
available in two 
forms: blue or red. 
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Acidic 


Blue litmus turns red 
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reveals pH 


How litmus 


PAN el lar 


Red litmus turns blue 
Tales) |.¢s)latemsxeleia(e)aice 


paper 


The science behind the simple tool able to identify 


a solution’s acidity 


ost young chemists will be familiar 
Mi with litmus paper from science 

lessons, and older chemists for 
assessing their home brew. This helpful tool is 
used to determine the acidity or alkalinity ofa 
solution through a simple colour change, where 
acidic solutions turn the paper red, and 
alkaline (basic) solutions turn the paper blue. 
This provides a visual indication of the pH, 
which is a measure of the concentration of 
hydrogen ions ina solution. 

Water molecules can be broken down into 
positively charged hydrogen ions and 
negatively charged hydroxide ions. Acidic 
solutions have higher concentrations of 
hydrogen ions than hydroxide ions, while the 
opposite is true of basic solutions. In water and 
other neutral solutions, the concentration of 
hydrogen and hydroxide ions is equal. 





The colour-changing properties of the paper 
are due to crushed and fermented lichen that 
has been dried onto the surface. Lichens area 
diverse group of organisms, many of which 
possess large, light-absorbing molecules called 
chromophores. These absorb differing 
wavelengths of light depending on their atomic 
structure, which can be altered by the presence 
of the ions found in acidic and basic solutions. 

Wavelengths at the blue end of the visible 
spectrum are absorbed when the 
chromophores react with hydrogen atoms, and 
wavelengths at the red end of the spectrum are 
absorbed when the chromophores react with 
hydroxide ions present in bases. 

Depending on which wavelengths of light are 
absorbed, the paper will appear a different 
colour. We can then use this colour to 
determine if the solution is acidic or basic. 
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DID YOU KNOW? High heels were not designed for walking In. They were originally used to help horse riders grip their stirrups 






















anati c 


Walking 1 hee ae 
standing or 


— 





Strained knee 


pain and injury. 











| 
Shifted centre 
of gravity 

High heels shift the 
wearer’s weight 
forwards. To stay 
balanced, the legs, hips 
and spine have to 
change position. 


Under pressure 
The higher the heels, 
the more pressure is 
shifted onto the ball 
of the foot. 


Wearing heels for long perio 
pain in the Achilles tendon — 


igh heels force the wearer to walk on 
tiptoe, bearing most of their weight on 
the balls of their feet. In this position, the 
arches are curved, and the ligament that 
connects the ball of the foot to the heel is 
stretched. The ankle has greater range of motion 
in this pose, but it is less stable, and the calf 
muscles cannot fully stretch out. To remain 
balanced, the whole body must adjust: the hips 
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Walking in high heels puts 
additional strain on the 
kneecaps, which can result in 








Sprained ankle 
With less of the foot 
in contact with the 
floor, high heels are 
unstable, and the risk 
of sprains is very 
much increased. 


me 
Tee 
dP 


tip back, the lower back arches, and the walk 
cycle changes. 

Normal walking gait has two phases: stance 
and swing. Stance can be further broken down 
into three parts: contact, as the heel strikes the 
floor; midstance, as the foot is flat on the floor; 
and propulsion, as the toes push off again. 

During the heel strike, the foot needs to act as 
a shock absorber, but ifitis tilted forwards, it is 


Shortened 
calf muscle 
The calf muscles 
are not fully 
stretched in heels. 
Over time, it can 
become harder to 
straighten them. 
















M 


Stretched ligament 
Stretching of the ligaments 
underneath the foot can 
cause discomfort and pain in 
the heel and arch. 








——— 


Tight tendons 
The Achilles tendon 
connects the calf 
muscles to the 
foot. It can become 
rather tight with 
long-term heel use. 


Squashed toes 

Pointed shoes restrict movement, 
and increased pressure at the front 
of the foot can squash the toes. 





less able to do this. In midstance, the foot should 
spread the load, but in high heels most of the 
foot is off the ground. And when the toes push off 
the ground, they should flex to provide 
propulsion, but if they are already bent, they 
have a much smaller range of motion. The result 
is shorter, less stable steps. 

Heels might be the height of fashion, but 
wearing them comes ata cost. 
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‘COSMIC 


CATASTROPHES 








Chaos on 
Earth 

Without the Moon, 
Earth would start 
VAVe) 9) 0) [Tale mmelerey<l als 
MAVColU](e mci t-lelalclnciel ale 
seasons would last 
for years. 


WHAT IF es 


THE MOON 
EXPLODED? — 


fthe Moon were destroyed bysome 

hypothetical event, it’s fair to say it probably 

wouldn't be good news for us — although the 
method of destruction is important. Ifthe Meon 
just cracked into several large pieces, they would 
likely coalesce together again over time. Butifit 
were blown to smithereens, it would create a huge 
amount of debris. 


Over the following few years, some of this debris~ 


V(OLONCoBesbeaKe lO iseneeuer-Vanemciualenslxelracieberclas 
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and destroying everything in its path, and heating 
the oceans until they start to evaporate. The rest, 
still in orbit around Earth, would settle down over 
time into a flattened ring shape, not unlike Saturn. 
But it’s likely the remaining debris could make 
space inaccessible to any humans that are left. 

AVi"otueXe)bimaetem\VCoreyaumelvnmo)t-belqimny(ebs om el-Kol-\e)lonei 
its tidal effects, ceasing lunar tides and halting the 
spread of nutrients via the shifting ocean. The 
result would be amass extinction. 





Flying rocks 
DY=\e)dicmine)aamaars 
Moon’s explosion 
would batter Earth 
relate Manta] ,(ows) ef- (exe) 
travel impossible. 


a lUlant-lassmaallelalame(em=>.qujaleuumol0is 
we’d have some picturesque 
alavessmaelelavemelelame)i-latcis 
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The biggest black hole ever found Is SDSS Jo10013.02+280225.8, 12 billion times more massive than the Sun 









What the asteroid giveth the :: : ASTER OID 
OBLIVION 


* Asteroids are the remnants ofthe oycelnoye)tvalcirebavy 
disc that gives birth to a star and planets. Unable to 
i merge into larger.bodies, they are left to drift 
“gi endlessly around systems. 

a. In our own Solar System, this can.cause 
havoc, not least because each planet hasa . 
gravitational pull that hurls these hunks off. 
rock and ice towards them. Earlyi inthe Solar 

System from 4.1 to 3.8 billion’ years ago, during 
aperiod kriownas the Late Heavy a 
isoyanley-dcehentcvelemdel=peleneelel-aeyi asteroids was so 
reagerclmmarclmentcbo\aeyi the worlds were pummelled. 

AVV(exersVausin¥ URsrer-mca's(o(ayelecnoyan ebicy erevelere keane) clasts 

like the Moon today. 

It’s not all bad, though. Asteroids are now 
believed to have played a role in bringing water to 


“Asteroids may have played a Fegeerne eben they mipy een nave 
delivered the building blocks of life too. 
role in bringing water to Earth” : 





~HUNGRY © How a black hole eats a star 
. B L A mi | Come sone to.a black hole and your end.could be nigh 
HOLES — 


Inside the event horizon ofa black hole, gravity is 
so intense that nothing - not even light - can 
escape. And whena stars wanders too close, ung 
results can be catastrophic. ; 
- Onseveral occasions, astronomers have. 
witnessed the results of a black hole eating a star. 
Stars can get caught in elongated orbits around 





ae black holes, and as they pass near, their material - 
is torn off. The star’s gas is pulled into an accretion ; : 
(obEsfor=¥ cebu elo umel-ne)t-lela@ele)tcm-velomelenui-seuel| . 
cfield Frethi ee pack oats Star Z . . , Material 
Was eeul cea as Ue - materia ack out ina A star on an elliptical orbit sweeps towards a ; As the star swings close, its outer shells of gas 
jet that approaches the speed of light. black hole, possibly a supermassive oneat the are ripped off by the black hole, and enter its 


centre 0) ie | PRES p, . : . re Toxo1 a1 (0) ame | com 





| © NASA; Illustrations by Adam Markiewicz 


yAXoxer g=1d(o) ame ies a Jets 

raNeolel ale r= o)(-[el a ale) (ram ag icme-(ererg=1do]ame| Icom er-] a} ser Some of the infalling material is focused into a 
A computer simulation of a Bel being become superheated, known as a quasar. Only _- exe c1aill Pmarelace\"m ol-r-lnal on’ mtalee o)i-lel alate) (-Me-lare! 
swallowed by ablackhole _ te a dense remnant of the star’s innards remains. is fired back out into the cosmos. 
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WHEN STARS EXPLODE ~ 


Rarely has the phrase ‘go out witha bang’ been 
more apt than whenreferring to the death ofa star. 
These huge explosions can momentarily outshine 
an entire galaxy, asan immense amount of energy 
is released ina matter of seconds. 

Supernovae can occur in two ways. Iftwo stars 
orbit closely enough ina binary system, and one of 
the stars is a white dwarf, this smaller, denser star 
can siphon off material from its companion. 
Eventually, itaccumulates so much matter that it 
sets off arunaway nucleafthain reaction, causing 


the white dwarf to explode in a brilliant flash of 
td] 


Type la supernova 


Lm (O)Yiam AYO M-] he] ecmer-]amexelonle)(ar-mne) 
ro) colelUCox=W- Mm nat- Is) -=) 4 e)(e-J(0) 8 


Type la 
A Type la supernova occurs in a 

binary system where a white 

dwarf orbits another star, usuall¥ 

a giant or another'white dwarf. * 


* 


Transfer ———_———-e 
The white dwarf gradually 

okexexe)pal=soma ale) comerelan]e) cetsiiere| 

as it starts to take material 
1ice)aamieomere)an|ey-lal(ear 


Type Il supernova 


How a massive star can 
explode all by itself “ 


Type Il 
If a star is eight to 15 
times as massive as the Sun, 

it is able to end its life in a * 
Type II supernova. 


Rebound ———————————_e 
VAVfidaliamre ina ee (eid (e)ame)m-Bcv-vere) ale 
the core collapses, but it then 
i=) oXol 0 /aleicw-] elem e)gele|U(ersiwre| 
shock wave. 
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light that canbe 5 billion times brighter than our 
own sun. 

Stellar explosions can also occur whena large 
star dies in what is known asa Type Il or ‘core 
collapse’ supernova. Giant stars with masses 
around eight to 15 times that of the Sun eventually 
run out of hydrogen to fuse. These stars then begin 
fusing heavier elements like helium and carbon, so 
the core Becomes much denser. This eventually 
triggers animplosion which rebounds off the core, 
blasting the star’s material out into space asa 
powerful supernova. 


Balance 
Giant stars are kept stable by the inward 
force of gravity being countered by the 
outward pressure of nuclear fusion. * 





Supernova 
The shockwave obliterates the star, 
and blows its outer layers into space. 













Supernova 1994D, visible here on the lower left, was 
Fim AY] oY =>.4 0) (ose) ama nt-lmelerel/aaclomeamaal-Melels:) ¢/au-me) i 
er ED AVM ClOm-soyAcmrolOMaaliil(olam ite] nimy{st-] em-lUVcN's 


"A superrfova explosion 
can momentarily outshine 


an entire galaxy © 


i 
i = ¢ 0) (01-1 (0) 0 1 


Eventually, if the white dwarf 
reaches more than 1.4 solar 
masses, it can violently explode 
* as a Type la supernova. 


Implosion 
But when the star runs ogit of 
fuel, fusion at the core stops, 

Vale mual=mcie-la [an]e) (ele (oie 


Remnant 
After the explosion, all that will 
be left is an extremely dense, 
rapidly spinning core. This is 
known as a neutron star. 
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GAMMA RAY 
BURSTS 


Gamma ray bursts (GRBs) are the most 
energetic events in the universe. They shinea 
million trillion times brighter than our Sun, 
and are thought to be caused either by 
massive supernovae or the merging of two 
neutron stars. 

When they occur, they release more energy 
inten seconds than the Sun will emit in its 
lifetime, focused along two opposite beams 
that stretch many light years into the 
distance. GRBs have been linked to ancient 
mass extinctions on Earth, with increased 
levels of carbon-14 isotopes in tree rings 
possibly linked to these events. 





Gamma ray bursts have the potential to end 
Tikeme)am =t-)aua) 


WHAT IF THE SUN 
DISAPPEARED? 


UNCEMNYCoL ba Cobo memesteynrasloleleimim(eya-yrcdslmesdbelelnacy 
as that’s how long its light takes to reach us. 
JS]Uimaelemcaveslelcve-UnUsc=ne eu et-DaneMnvelellonepcejence) 
more than a hundred degrees below freezing 
in weeks, causing the atmosphere to freeze 
and fall to the planet's surface. This would 
leave us exposed to cosmic radiation. 

The core of our planet would retain heat, 
but it’s unlikely much life on the surface 
would survive for long. Life at the depths of 
the oceans could theoretically survive for 
billions of years without the Sun. Our world 
would maintain its momentum and journey 
the galaxy asa rogue, lifeless planet. 


“= 7, Without,the Sun, Earth 
4 <4 2 © © would be doomed to life’ 
“Se as. arrogue planet 


9s ek 





DID YOU KNOW? Gamma ray bursts are thought to occur in a typical galaxy approximately once every five million years 


WILL: THE UNIVERSE 
TEAR ITSELF APART? 


Thereare three dominant theéries for how the 
universe will end: The BigCrunch, The Big Freeze, 
and the Big Rip. The former envisions a scenario 
where gravity causes the universe to contract, until 
it collapses into a singularity — sor oflikean 
opposite Big Bang. The Big Freeze scenario, the one 
most favoured at the moment, is where the 
universe continues expanding but its energy 
continues to dissipate, to a point in 100 trillion 
years or so where everything is s@spread out that 
the universe becomes lifeless. 

The most dramatic of the three theories, though, 
is the Big Rip. This isa scenario where the 
acceleration of the universe continues to get faster 
and faster, with no limit. Eventually, the force of 
dark energy would become so strong thatit would 
overcome all the fundamental forces - including 
gravity and electromagnetism. The result is that 
galaxies, stars and planets would be literally 
jal ejeycror-ley-tam 

Most scientists think the Big Freeze is the 
likeliest to happen. But, as we don’tyet truly 


understand dark energy, the Big Rip remainsa 
possibility -and some say it could even occur as 
soon as 50 billion years from now. 





Tamdarcm=)(e mad) omsverzlal-] a (om dal-MUlalhic) oct-mere) ai uiall(-som nem) ¢el-l are, 
faster until galaxies and even atoms are torn apart 





How the universe could end 


The main theories for the fate of the cosmos 


item =y-lare) si fe) Expansion 
All three Crunch The universe is 
scenarios relate This theory y¢ey-]aleliale mel area 
to the suggests the accelerating 
expansion of the universe will one rate, but we 
universe after (oF \Vmoxe) | fe] okX- la) don’t know for 
the Big Bang. ,  onitself. ato) Wa (ale pe 

* 


si fe) Dark siremadl®) 
Freeze energy If the expansion 
Tamealcmaarsve)avA No one yet (o) ma dal=MUlaliYcs) ex>) 


keeps 
accelerating, 
Wiel avauallave mexelel le 
be torn apart. 


knows the exact 
rolethat dark * 
energy will play 
Tamelelanrciace 


Vel avanali arena 
the universe 
Jol azy-(elomelule 

mom aveldaliale|alsssice 
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Earth’s rotation 


The Earth turns on its axis once every 24 
hours, which means we’re moving nearly half 
a kilometre every second. We don’t feel this 
motion because the planet and everything on 
it is constantly moving at the same speed. 


Earth’s orbit 
around the Sun 


The Sun’s huge 
gravitational pull brings 
us into an orbit from 
nearly 150 million 
kilometres away. We 
move incredibly fast to 
complete a full circuit in 
just 365 days. 





How fast are 


We may feel like we're standing still, itare in fact we re 
flying through space at incredibles speeds gs 





a i,j: # . “ . 
MP eile . Py * « 
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yee ry. as noe 4 
| Expansion of the universe 
I VAR ME) ees 
(one megaparsec = 3.26mn 
Qj light years) 
v4 1 The universe began with the Big Bang, an 
= explosion that threw all of the matter in 

| the universe from a singular point out in 

® every direction. This outward movement 

i is still happening, propelling us ever 

m™ further from the centre. 






= 4 F . 7 : . * 
I the , Milky Way’ smotion fie" 


Our galaxy is one of a cluster 
known collectively as the Local 
"= Group. These galaxies are moving 
= through space towards a 
& gravitational anomaly 150 million 
; aR | light years away, known as the 
“2a af ee ae, oie Attractor’. 










The Solar System’s orbit 
230km/s 
All stars and planets in the Milky Way 
orbit the centre of the galaxy. Our Solar 
System completes an orbit in one 
‘galactic year’, which is 230 million 
Earth years. 


from distant stars 


dark nebula called = 9. : 
- Lupus 4 obstructs light. ce 


The giant interstellar clouds that give birth to stars 


ave you ever looked up at the night sky 
to see a patch of blackness surrounded 
by asea of luminous stars? Instead of 


empty space you may have founda dark nebula, 


a gargantuan cloud of dust that could swallow 
our entire Solar System. The specks of dust in 
datonellolelolsr-bacpleeastcromeat-bneUae)melbamiacsc-le)enlicy 
ices and carbon-based ‘goo’. These components 
Fe loyegek=velenensaer.(emelcdaleme) lore enatex tale! 
obscuring our view of the stars that lay beyond. 
The Great Riftis a collection of dark nebulae 
that actually splits our view of the Milky Way. 
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Together, thesenebulaeweighimilliontimes = 
the mass of our Sun, and span hundreds of light eens Hye ee | > 
years. And in this region of space, newstars are me eaats . ei * 
being born. 

Turbulence within the cloud causes ‘knots’ of 
matter to form, which have enough mass to : 
StartcollapsingundertheirowneravityAsthe 6 © * =. . 
ball of dust contracts, and its density increases, 
the temperature rises, and the core starts to : E a 3 # z , 


rotate. This dense, hot core isa protostar, which g 
will develop into a star over hundreds of ; ad z S 
thousands ofyears. seers ; : “ne © 
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Bright lasers can pose a danger to pilots, but the 4LGSF system will shut down if an aircraft gets too close 





The Paranal Observatory’s 
22-watt laser guide stars * 
are the most powerful 
_ ever used in astronomy 


a 


Space lasers — 


jaueteKeviaivena-vantitets)| stars are 
lighting up the Chilean sky 







































hen we think ofa collection of lasers 
coming together to point at a distant 
(o) 0) (=rel paren belensleclohvme)(anebacnaels 
destructive force of the Death Star. But while | 
these space lasers may look like sci-fi weapons, - 
they are now a reality, helping us to discover 
more about our universe. 

The 4 Laser Guide Star Facility at the Paranal 
Observatory in Chile fires four beams-— each 
(obalex-lolelelmmolelomapastarmente)acmelen-veavlmmat-bels| 
standard laser pointer - toward the sky. The 
light from the lasers excites sodium atoms in 
id elcwcimealessje)alcvace-Balemerchelsicrommelsveemnenslennia 
creating artificial stars that the observatory can 
use as a reference point. 

The ability to create artificial stars is highly 
advantageous to an astronomer viewing the 
galaxy from Earth. Unlike telescopes in space, 
Kay Cevoce) oLersme ye mm elmo) tc belcumet-hicmueleeslmeslersjeyel-sas | ee Ski ee 
rOMOyerc-veCoMnvatdemmnven(elemecveme)leuambaatatexatca(ci-1- | | | | ee hae ita 
‘The problem with twinkling stars’). A process 
called adaptive optics has been developed to 
correct these distortions, which involves using 
a relatively bright star near to the targetasa 
reference, allowing crisp images to be obtained / , ; 
that nearly match those taken by space- _ : i a }/ / tee ° wwe 
| of Fs{oxe mts) Cors{e8) OL stom ef af A 

Not all targets have a suitable star 
nearby, but fortunately laser guide stars 
can be used to generate a reference 
point to compensate for this. With 
the help of this futuristic system, 
the telescopes at Paranal can see 
the universe more clearly than 
ever before. 
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DID YOU KNOW? Cassini will complete 2e orbits between Saturn and Its innermost rings before burning up in the atmosphere 





Saturn’s | 


atmosphere . peincensts 


Ualeeyi(Sauatcmaalcmeesecveresinleyel 
of this ringed mass of gas 


hile our own planet is a mixture of 

oxygen, along with silicon, iron and 

other solid, rocky elements, Saturn is 
made almost entirely from hydrogen and 
helium, both of which are gases on Earth. You 
might wonder how you are able to tell the 
difference between planet and atmosphere 
when dealing with a gas giant, but Saturn isn’t 
gas all the way through. 

Saturn is 100 times the mass of Earth and ten 
times as wide, and as you get closer to the 
centre, immense pressure forces the particles 
together until they form a liquid. Around the 
outside, Saturn has a proper atmosphere with 
wind and weather. In fact, according to the 
European Space Agency, it is one of the gustiest 
places in the Solar System, with wind speeds 
reaching an eye-watering 1,800 kilometres per 
hour (the record here.on Earth is less thana 
quarter of that speed). It contains layer after 
layer of gas, and different types of clouds, 
separated by temperatures that get 
progressively colder the further away from the 
jo) E-Valcimmalcyvacxemrole lye) elepmsemaelce-umesloysye)elcyacus 
clouds gives the planet its orange colour. 

Olebabbate(=yasie-beloobetemeyect-inebe@ekce-lnsslelsje)elsvas 
has so far been down to the work of telescopes 
and spacecraft that peer into the gas from afar. 
However, NASA’s Cassini spacecraftis currently 
on a trajectory towards the planet itself. The 
probe will be destroyed on this final mission, 
but on the way it will gather valuable 
baviovaeetsim(oper-lolelvimer-lnebeekceeae-hislara-palel 
magnetic field, as well as take some close-up 
photos of the planet and its famous ring system. 





ai alism=lalat-lalexsiomexe) (ol0] a [nat-le(-Me) moy-1 00] calesmes (el 0 [6 KSI 
taken by the Voyager 1 probe in 1980 
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Inside Saturn’s 
atmosphere 


Take a look at how the layers of Saturn’s 


Stratosphere 
This layer sits above 
the clouds, and its 
temperature changes 
with the seasons. 






Kole) 


Ammonia ice 

In the middle of the 
atmosphere, the 
temperature is a chilly 
-250 degrees Celsius, 
and the clouds are 
made from ammonia. 


Troposphere 

The troposphere is the 
lowest layer of the 
atmosphere. It 
contains clouds, and 
has its own weather. 


(sasaydsoujze yey) aunsseld 


oO 
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Above the water ice, the Golrmieverdecnerinte atmosphere, the 
temperature plummets to -70 the atmosphere. temperature is close 
degrees Celsius. Here, the | to the freezing point 
clouds are made from of water, allowing 
ammonium hydrosulfide. icy clouds to form. 
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Inside a gas giant 


It is likely that Saturn originally formed from a 
igolel xe) al (X= Mexe) cM al-1me] -]0) elle =) aue-Mer-somigelan 
the early Solar System, but scientists aren’t 
convinced that it’s still there. Saturn is the only 
planet less dense than water, and it’s possible 
that the core is now liquid. The trouble is, we 
(or-] am mese\o lam dalgelelelal-]imanl-1mel-\e 

However, it turns out you can learn a lot 
F) ool Um dal= larsy(e(oMe)mr- Me) /-lal-lmnige)aamiecm alate |e 
Movement inside the planet changes its 
gravitational field, which, in turn, causes the 
ig lateKsmcomyve)e)e)(=Mm\V/[Ulova mil Comelci[alem ate] a uals 


tremors to understand its core, scientists are Is there a solid 
trying to use Saturn’s wobbles to find out what —_—core nestled at the 
hsm ate] ©) el=)alialem elcvatcy-ldamual-mei(elble (om heart of Saturn? 
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How this iconic vehicle has ruled 


spaceflight for five decades 


ver the last 50 years, we've seen spacecraft such as the Apollo capsule 
and the Space Shuttle come and go. One, though, has remained 
ever-present throughout almost all of that time: Soyuz. 
The Soyuz spacecraft began life as the Soviet Union's attempt to 
land humans on the Moon in the 1960s. After that goal failed fora 
number of reasons, the Soyuz project continued - and today, 


spacefarers around the world are dependent on it. 
The Soyuz spacecraft has three sections - the 

Orbital Module, the Descent Module and the 

Service Module - which provide space for up to 


three astronauts on board, as wellasthe 
vital life support they need to survive the 
trip. There have been more thana 
hundred Soyuz missions to date, 

taking humans to the Soviet 

Salyut space stations, the larger > 
Russian Mir space station, 

and more recently, to the 

International Space 


Station (ISS). »| €> 


Docking ring 
This section allows the 
Soyuz to dock witha 
port on the ISS safely. 


Launch, 
docking 





How the Soyuz goes 
to and from the ISS 
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Inside 
Soyuz 


Everything you need to 
know about this 
pioneering spacecraft 


The Orbital Module is where 
the three astronauts sit 
when they are travelling to 
the ISS. 


& landing 


¢ 


‘ 
3 


Orbital Module 
The Orbital Module is where 
the three astronauts sit when 
they are travelling to the ISS. 


The spacecraft’s 
systems are 
switched to 
onboard control. 














Descent Module 
This section detaches from the 
other three during re-entry and 

brings the astronauts safely 
back to Earth. 





Periscope 
A periscope on board the 
spacecraft allows astronauts 
to see out if they need to 
manually align the vehicle. 





1. Entry 2. Pre-launch 3. Liftoff 4. Separation 5. Docking 
2 HOURS AND 30 5 MINUTES TO The Soyuz 9 MINUTES 6 HOURS 
MINUTES TOLAUNCH LAUNCH spacecraft launches AFTERLAUNCH AFTER LAUNCH 


from the Baikonur Soyuz separates Soyuz approaches 

Cosmodrome in from its booster and docks with the 

Kazakhstan. rocket and flies free. ISS, and the crew 
enters later. 
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It used to take the Soyuz three days to reach the ISS, but now it can make the journey in just six hours 


a “There have been more 
——_ aN than a hundred Soyuz 
7 YESS missions to date” 


x 
LJ 
A ih . 
, - _/ 
| 
f 
Thrusters 7 - 


The Descent Module uses 
six engines to slow to 1.5 
metres per second just 
before landing. 



























Service Module 
Here you can find the oxygen and 
other vital components that keep 
the astronauts alive, and the fuel e 
that propels the spacecraft. 


Antennas 
The Soyuz uses its 
antennas to communicate 
with Earth and the ISS. 


Solar panels 

The solar panels unfurl after 
launching to provide power 

while en route to the ISS, and 

also while docked. 





The Soyuz is 
currently the only 

spacecraft being 
used to take humans 
to and from the ISS 


10. Re-entry 





M 
v 
x4 
i) 
a= 
5 
oD 
<3) 
Ln) 
oO 
> 
te) 
q 
o 
a5} 
oO 
lan! 
oan) 
n 
i=} 
= 
eS 
S 
i?) 
oO 
an 
q 
— 
oO 
[e) 
a 
xt 
< 
— 
~S 
x 
<P) 
1S) 
ise] 
Q, 
ip) 
© 


6. Undocking 7. Reverse 8. Deorbit burn 9. Separation 11. Parachutes —e12. Landing 
Thrusters fire 
two seconds 

The Soyuz fires its The crew, in the The Soyuz begins Two pilot parachutes before landing 
The Soyuz begins engines for more Descent Module, re-entry at an and a main for a more gentle 

With the crew on board, Soyuz _ reversing up to 19km than four minutes to separate from the altitude of about parachute slow the touchdown. 

begins to detach from the ISS. from the station. prepare for re-entry. other two modules. 120,000m. Soyuz’s speed. 
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The Palace 
of Versailles 


It took 50 years and thousands of workers to 


build a palace fit for a Sun King 


t’saname that conjures images of opulence 

and grandeur but the history of the Palace of 

Versailles is by no means golden. 

Home to the kings of France for over one 
hundred years, it started life as a hunting lodge 
in avillage near Paris. Under Louis XIV -the 
so-called Sun King because the realm orbited 
around him - it became one of the largest 
palaces in the world. 

In 1668, he ordered his architect, Louis Le 
Vau, to build the grand apartments of the king 
and queen, as well as the stone facade 
overlooking the garden, known as the Le Vau 
Envelope. Rather than following the French 
tradition of slate roofs, Le Vau took inspiration 
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from Italian architecture and created a flat roof 
hidden by a balustrade. 

During the expansion, ministers tried to 
keep costs toa minimum by using building 
materials from France - they even nationalised 
a tapestry factory — but the workmen were the 
ones who paid the ultimate price. 

More than 36,000 men and 6,000 horses 
laboured from dawn until dusk to construct the 
500-metre long building. The workers were 
paid just six sous per day - the equivalent ofa 
small lump of butter - and the conditions were 
so poor that three hospitals were built to cope 
with the number of injuries. Things worsened 
in the summer of 1668 when debris fell and 











Every day at 10am, the court would attend 
the king’s mass in the Royal Chapel 


crushed half a dozen men. What’s more, 
when one of the victim’s mothers got close 
enough to ask the king for her son’s body, she 
was thrown in prison. 

Surprisingly enough, Versailles has been 
likened to a prison itself -a gilded cage that 
held hundreds of courtiers and nobles captive 
at the king’s pleasure. 

It was the setting of magnificent, luxurious 
parties and many amorous affairs, but what 
was once the humble hunting lodge would also 
provide the backdrop to some of history’s most 
momentous events - from the unification of 
Germany in 1871 to the signing of the Treaty of 
Versailles in 1919. 
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DID YOU KNOW? There were no toilets in the Palace of Versailles until 1768. Before then, waste was thrown out of the windows 


The antechamber 


Here, the courtiers waited to be admitted to 
the royal bedchamber to dress the king. The 
entrance was protected by a Swiss Guard. 


Hall of Mirrors 


Mirrors were among the most 
expensive items in the 17th 
century, and 17 of them line the 
12-metre-high room, stretching 
from floor to ceiling. 












The parade apartment 
Seven rooms were lavishly 
decorated in the style of Italian 


The queen’s palaces to impress visitors. 
grand apartment aS : 4,3 
This is where the queen slept | y 
and public births took place. It 
was symmetrical with the 

king’s chambers. 
















Royal Chapel 


Mass was held daily Courtier rooms 
at 10am, but Louis There were around 350 


Sead 
ran Pa 
aaa and XIV would only use living rooms inside the The Opera Royal 
) . this chapel for five palace for courtiers, but At the time it was 
Louis XIV moved his years, as foreign the sizes varied completed in 1770, 
bedchamber to the wars delayed Its depending on their this was the largest 
drawing room in 1701 so completion. standing with the king. opera house in Europe. 
that it overlooked the However, it required 3,000 
Grand desi ns sunrise. He died here in candles for the opening 
g 1715 after over 72 years on night and was rarely used 


the throne - the longest of 
any European monarch. 


Louis XIV’s palace had rooms due to cost. 


for over 600 of his close friends 
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Learn more 










one 


Learn more about the world’s most iconic 

and influential monarchs in the All About 

History Book of Kings and Queens, 

available now from www.imagineshop. The Versailles gardens 


took 40 years to 
co.uk and to download from eompleteand Suis 


www.greatdigitalmags.com. XIV valued them as 
much as the palace 


A day in the life of the king 


Louis XIV’s routine was as meticulous and demanding as he was 


10am : Attend mass 1pm : Lunch is served Sy oyna Mem ace(eleye 10pm : The grand 
As the king walks to the The king eats lunch in his entertainment ro] E] 0} [Comcte] 0) ole) g 

Royal Chapel, a procession bedchamber, often with the Louis XIV’s son was often put in WM atsmsdlalem-lalemaltcmiclaaliNastels 
lines the Hall of Mirrors. A company of the men of the (ol ate ]ae(ome)mualeme\Vclaliale their meal, observed by as 
few attendants try to (Oo) U]aur-]ale mualecsiom oa hVil(svelsve| Valnclans|lalsatsialMuvaliomuatce dare) laatela\va ol=10) ®)(o¥-somer-] ama mlalae) 
whisper requests or pass relalol0 le] amen ol-Mlanv/iu=vom Ke) signed the stacks of letters the antechamber of the 
him notes. the Levee. prepared by his secretary. king’s apartments. 


7:30am : The First llam : The king 2pm : Afternoon 11:30pm: The retiring 
Levee begin are) (eKomoxelUlavea] activities : ; 
A doctor, nurse and a few amalicwe)ey-lauantslalemaats ANamevas\aacele)ame)malelaldiavemiamaars 
rela Nal (exe (oxen ave) e)(=laatcla mili king deals with domestic Jel acelelareliavemucerere||-laleme)g 
Talkomaarew qiare ies and religious affairs, as rolae)aatevarelellaremunlcelele|smuars 
oxexe(olar-lanlel-imceme|cci-imr-lale well as matters of the fer] ae(=)alcmuvele] (emexe)nalanislalece 
dress him. They wash and state. Up to six ministers fo (=yol=laellareme)amual=m.dlale mom paleleye 
shave him every other day. advise him. that day. 


AV ia=) ej e\elarellalemulanrcmyaidamalls 
le] aali Nae] ale ea(essx- Mi a(=)aleKom am ali 
bedroom, another public 
ceremony is carried out when 
the king retires to bed. 


VVAVVAVVALS OAV Yam mViV/0)-1;4=)8)-W ai ale) How It Works | 075 


-u HISTORY 


Faberge eggs 
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beautiful example of 19th century 
Russian art, Fabergé eggs delighted the 
ruling Romanovs for over three 


decades. Created by jeweller Peter Carl Fabergé, 


they were given as gifts between members of 
the royal family. As time wore on, it became an 
ever-more extravagant tradition that 
symbolised royal excesses in the years leading 
up to the Russian Revolution. Some 50 of these 
Imperial Easter eggs were created, and each 
one could take up to a year to create. They were 


Fabergé eggs are extremely 
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The first egg 


In 1885 Russian Tsar Alexander III needed a present for his wife, Empress Marie Fedorovna. 
He decided on a jewel-encrusted egg - and began a royal family tradition in the process. 
Known as the Hen Egg, this first gift appeared relatively simple from the outside, but 
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a surprise was hidden within the shell. They continued to be popular gifts under both 
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talented craftsmen. One of the most expensive 
was the diamond snowflake-encrusted 1913 
Winter Egg; at a value of 24,600 roubles in 1913 it 
would cost an eye-watering £2.36 million today. 
The eggs were designed around a different 

id elsyaaQomcrclel oMt(cr-Bomelvimmelcnia-Demerslou-bel 
immaculately designed exterior with an 
intricate surprise lying inside. These ranged 
from mechanical swans to ivory elephants, and 
some were even powered by clockwork. 
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As political unrest escalated, Fabergé eggs 
were seen as asymbol of Romanov 
wastefulness. After the Bolshevik takeover, 
many of the eggs were confiscated and the 
Fabergé family fled Russia. Just 43 Imperial 
Easter eggs survive today and are owned by 
collectors, museums and monarchs. The British 
Royal Family own three of them, including the 
Mosaic Egg, which is decorated with a mesh of 
tiny gems, diamonds and pearls, and contains a 
miniature portrait of Tsar Nicholas II’s children. 
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The Hen Egg was the most 


basic of the Fabergé eggs 
on the outside, but 
contained hidden surprises 
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The Siege of Tyre 


Find out how Alexander the Great’s relentless advance 
was halted by the determined defence of one city-state 





wo years into their conquest of the Persian The city was clearly impregnable by normal ‘mole’, proved to be too much for the city and the 

Empire in 332 BCE, the Macedonian Army methods ofassault, so Alexander looked to walls were finally breached. In the brutal battle 

faced one ofits hardest challenges yet. As alternative strategies fora breakthrough. It was that followed, 10,000 residents were executed, 
Alexander the Great had marched through decided that a fleet was required after all and while 30,000 more were forcibly sold into slavery. 
Phoenicia, many towns, including Byblos, Beirut raiding parties were sent out to muster one from The victory was six months in the making, and 
and Sidon had immediately surrendered. But the surrounding areas. The addition ofnavalassaults, | provedtobeone more example of Alexander's 
walled city of Tyre, an important Persian naval as wellas the construction ofastone causeway,or — ruthlessyet effective military tactics. 


base, refused Alexander's demands to perform a 
sacrifice in the temple of Melgart, and he 
responded by placing the city under siege. 

The city was located on anisland nearlya 
kilometre out to sea and was surrounded bya 
thick, 40-metre-high wall. Nevertheless, having 
defeated the Persian King Darius III repeatedly on 
the battlefield, Alexander was feeling confident, 
even with onlya small navy at his disposal. The 
Tyrians were dedicated to neutrality and safe 
within their walled city, they did not want to be 
embroiled in Macedon’s bloody war 
against the Achaemenid Empire. 





























Tyrian evacuation 

Sensing the coming storm, the city’s 
women and children are evacuated to a 
colony on the nearby island of Carthage. 
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Enraged, Alexander 
demanded a surrender 
but the Tyrians 
refused to back 
down. After all Breaching the battlements 
negotiations had Heavy bombardment from catapults 
: breaks down a section of the walls and 
failed, he prepared infantry advance through the breach. 
his attack. | 
Seige towers set ablaze 
Anatom The 45-metre high towers 1 
= y advance on the walls but Tyrian = 
of a siege fire ships speed into the bay and 


ignite their wooden seige engines. 
How Alexander’s army 


overcame the formidable 
defences of Tyre 


The mole 
Plundering stone and timber from 
the nearby ruins of Old Tyre, “A 
engineers construct a narrow _AS 
the shall ter. wet pen’. 2 ; ; 
causeway over the shallow water. . ca a = “ Battle begins 


e . =" a The 60-metre wide mole 


AW ia 
pe” ON ee acts as a bridge as 
<4 + a. 5 soldiers and wooden siege 
-. — engines roll into view of 
a the battlements. 


“Raiding parties were sent 
out to muster a fleet from 
surrounding areas © 
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D YOL : As a child, Alexander the Great was tutored by Aristotle, the famous Greek philosopher 
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a Alexandria flourished as a 
"port town, taking Tyre’s place 
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Tyre’s last stand 

The last Tyrian defences 

congregate in the north of the 

city but are powerless to stop > , 
the bloodthirsty Macedonians. aN — ail 


ms Victory for Alexander 
| The King and his family are 
spared along with those who 
sought sanctuary in temples. 
Nevertheless, Tyre now 
belongs to Alexander. 
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Harbour blockade 
Forced to retreat from the 
inferno, Alexander changes 
tack and a flotilla arrives to 
blockade Tyre’s two harbours, 
surrounding the city. 


















Heavy resistance 
Tyre’s defences launch 
projectiles at the 
labourers, killing many 
and slowing the 
Macedonian approach. 


Tyrians refuse to give up 
Boulders tossed into the sea 
prevent the ships from getting to 
the walls, and burning sand is 
hurled onto the infantry. 
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The first colour film_... 


How a little-known Edwardian photographer became 


the first person to create a colour picture 


he first moving colour pictures were 
created by a London-based 


photographer named Edward Turner in 


1902. Known as the Lee-Turner process 


(after Turner and his financial backer Frederick 


Lee), it involved filming consecutive frames 
of black-and-white 38-millimetre film 
through three colour filters: blue, green and 
red. Alens combined each of the three filters’ 
images on the screen to create a single, 
full-colour projection. 

Despite his breakthrough, the timing 
and positioning of the filters had to be so 
precise that the results were often blurry. 
Turner died in 1903, aged just 29, but his work 
was adapted by George Albert Smith, who 
used just two filters, red and green, for more 
reliable results. Smith called his two-colour 
system Kinemacolor. 

Over a century later, Turner’s ground- 
breaking footage has been restored for the 
first time using digital technology and is 
now on display at the National Media Museum 
in Bradford, England. 


To find out more, visit the Lee and Turner 
exhibition at the National Media Museum in 


Bradford. Entry is free and it is open Monday 
to Sunday, 10am to 6pm. 


www.nationalmediamuseum.org.uk 


The three- 
colour 


projector 


How the Lee-Turner process 
created full-colour films 


Combining the images 
Three frames at a time were 
projected and superimposed 
through the lenses. 
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Filter wheel 
A rotating wheel 
ensured each 
frame was shown 
through the 
appropriate filter. 


Timing 
Issues 
Synchronising 

the speed of the 
film with the 
rotation of the 
filter wheel was 
difficult, so images 
were often blurry. 


ah atewer-lar-lavaelials worked 12-hour days in 
a noisy, dirty and dangerous environment 








DID YOU KNOW? A ewerer was someone whose job was to Bring and heat water for the nobles when they wanted to bathe 


Medieval jobs 


From catching rats in sewers to juggling for the king, 
discover the strange careers available in the Middle Ages 





i he job opportunities open to youin became wealthy by trading the productsmadeby promoted the economic welfare of their 
medievaltimeslargelydependedonyour skilled workersall over the world. members, much like today’s trade unions. Most 
social class. Those with status were Allroles were important, as they ensured professions had a guild, from merchants and 

inrgey(ercOhymeleloylarspmantcveslolcyacme)mmelcnelsvacavaeye everyone had the goods and services theyneeded weaversto blacksmiths and candlemakers. 
employed by the royal court, whilethe peasants, | togoabouttheir lives, but the lower-class workers | Members would set prices and standards for their 
or those without status, worked as craftsmen or were often exploited. Asa result, the guildsystem trade; anyoneseeking employment could pay to 
labourers. In between were the merchants, who was established. Guilds were organisations that join and be trained in the represented craft. 


Herbalist ‘» 
Using practical herbal 
remedies derived from 
plants and other 
natural sources, these 
so-called ‘wise women’ 
\\ could treat a wide 
_ range of medical 
conditions. Providing a 
_ lifeline for those who 
- could not afford the 
services of a trained 
physician, their 
knowledge of folk 
medicine was then 
passed down through 
the generations. 


Blacksmith ~®# 


Every village had its 
own blacksmith, who 
would make 
everything from 
weapons and tools to 
door knobs and 
jewellery. Using 
charcoal as fuel, they 
would heat iron until 
it became malleable, 
then hammer it into 
various shapes ona 
heavy block known as 
an anvil. 


Scribe 


As there were no 
printing presses in 
medieval times, 
scribes would copy out 
text in order to create 
additional copies of 
books. This role was 
often afforded to 
monks, because they 
had been taught to 
read and write, and 
was hard work, 
illustrated by the 
complaints they would 
often write in the 
manuscript margins. 
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Squire » 
Promoted from the 
position of page boy at 
14, a squire was the 
servant to a knight, 
and often 


~ accompanied him into 
_ battle. In return, he 


would be taught the 
code of chivalry, the 


~ rules of heraldry, 


bravery, horsemanship, 
swordsmanship, and 
other.athletic skills, 
before being promoted 
to knighthood at the 
age of 21. 


“» 
Rat catcher ~* 
Rats were a big 
problem in medieval 
Europe, spreading 
diseases and eating 
crops. Accompanied 


by asmall dog or cat to 


sniff out the vermin, 
and various traps and 
poisons to capture or 
kill them, rat catchers 
would walk the streets 
and sewers, risking 
contracting the plague 
to earn a living. 


Barber ‘» 
Offering much more 
than a haircut, 
medieval barbers 
would often perform 
medical procedures 
too. Known as barber 
surgeons, they would 


| extract teeth, 
~ amputate limbs and 


carry out bloodletting, 
the practice of draining 
the blood to ‘cure’ 
various illnesses. With 
no anaesthetic or 
training, and only basic 
tools, it was often a 
messy affair. 


Court jester ‘» | 


Employed by the royal 
court to entertain the 
king, a jester would 
juggle, tell jokes, 
perform tricks, and 
generally clown 
around to improve his 
master’s mood. In 
return, he was paid 
well and given a place 
to live, and enjoyed 
certain privileges, 
including being able to 
make fun of nobles 
and get away it! 


gil 
Herald » 
With so many knights 
scattered across 


Europe, each with their | 


own coat of arms, it 
was the job of a herald 
to keep track of them 
all. This also helped 
them in their other 
main duty: conducting 
and announcing the 
participants of 
jousting tournaments. 


Spinster “» 
In order for wool to be 
woven, it first had to 
be turned into yarn. 
Typically this role was 
held by women, but 


male ‘spinners’ did also | 


exist. They would first 
twist the fibres 
between their thumb 
and forefinger, then 
attach them to a 
drop-spindle, the 
weight of which would 
stretch the fibres into 
yarn as they spun. 
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Building the 
Thames Tunnel 


Finished in 1843, Marc Brunel’s sub-aqueous tunnel was the first of its kind 
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“4 Hard labour 

y Starting at Rotherhithe 
2 on the south bank of the 
' Thames, the workers 

- had to dig through sand, 
gravel, quicksand and 
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Sewage water often ‘nici As the miners moved forwards, o=¢232"_-= == No one had ever tunnelled under 
leaked into the Recyclin bricklayers built up the tunnel oo" a river before. Brunel invented a 
unventilated tunnel, Excavated clay was transported behind them. They used a new type rectangular cast iron frame, 
making Brunel and above ground, baked into bricks of strong, quick-setting cement that called a tunnelling shield, to 


his workers ill. and used to line the tunnel. made the tunnel watertight. protect the miners as they dug. 
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Want answers? 


Send your questions to... 
) How It Works magazine © @HowltWorksmag 


“) UNM Pp © howitworks@imagine-publishing.co.uk 


Because enquiring minds 
need to know... 


MEET THE 
EXPERTS 


Who's answering your 
questions this month? 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 
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Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
J _ Imperial College 
London, Alex has 
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worked at many prestigious 
institutions, including CERN, 


eas Senceauseemanate IS the killer whalea 
whale or a dolphin? 





°~ Tom isa historian of 
- science at the British 









{ Library where he Morgan Brown Killer whales are found in cold and temperate waters 
works on oral history ™ Killer whales, also known as orcas, are the largest across the world. Many different populations of killer 
Fann poeta nica! members of the dolphin family. Dolphins and whales whale exist, exhibiting different morphology, 
book, isc Dreams: How are however closely related, belonging to the order behaviour and diet. Some of these populations have not 
1980s Britain Learned To Love The Cetacea, which also includes porpoises. Sailorsnamed _ interbred with other orca populations for hundreds of 
HomeComputer, orcas ‘whale killers’ after seeing them attack whales, thousands of years and so could be considered separate 
and the name was later inverted to ‘killer whales’. species or sub-species. AC 
Shanna describes 
_ herself as somebody 
__ who knows a little 
bit abouta lot of Why can’t humans have red eyes 


Sane eer and is there any animal that can? 


That’s what comes 
of writing about Guy Hodgson 


everything from space travel to 
seh a es a eae She eee ® Ina way, they can - reddish, anyway. The genetic combinations 


that her job comes in very handy leading to different colours of eyes aren’t fully known and can be 
for taking part in quizzes! complex. Human eye colours include grey, blue, green, brown and 
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black, with various shades in between. The colour depends on the 


amount of melanin, or pigment, located in the iris. People with 











How It Works eee 
alumnus Jo is our dark brown eyes, for example, have lots of melanin, while light 
honorary lake blue eyes have less. Some people born with albinism have pink or 
expert after writing reddish eyes due to a lack of melanin. This is a genetic mutation 
| a disproportionate ; ; 
( number of articles that can also be seen in animals such as rabbits and mice, and is 
\ <= onthesubject accompanied by white fur and pink skin. People with pink or - 
during her time on the magazine. ee al 
She hae 7 eee nani eds meotonsl eyes may TENS light sensitivity, or in more extreme cases, ReAE Ehronn nev ecinineonlcand 
vision problems or blindness. SF animals is caused by albinism 


journalism and has a keen 
interest in science and nature. 
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Why do some AA batteries 


last longer than others? 


Lisa Dang 


™ Battery life is affected by various factors. Batteries in 
warm places lose charge faster than ones kept cool, and 
the varying quality of materials means cheaper ones 
often fail before more expensive types. Although AA bat- 
teries look alike, the chemicals inside them can be dif- 
ferent, with great effects on lifespan. Batteries produce 


The main difference between ships 
and boats is their size 





The ISS is made up of modules 
owned by different countries 
i 
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various AA batteries affect 
how long they last 


electricity by chemical reactions between two 
electrodes made of different materials, such as zinc and 
manganese oxide, and another component called an 
electrolyte. With use the electrodes corrode and wear 
out, and the battery dies, but this corrosion happens far 
faster in batteries that use an acid electrolyte than those 
with an alkaline electrolyte. TL 





What is the 
difference 
between a 
boat anda 
ship? 


Chris Morden 


more complicated and more 
them better suited to sailing 


rines are referred to as boats 
no matter what their size. TL 


Who owns the International 
Space Station? 


David Brunswick 

Just like the science and engineering that 
make it work, ownership of the International 
Space Station (ISS) is complicated. Ownership is 
shared between the different partner 
organisations, namely the US, Russia, Canada, 
Japan and the European Space Agency. 
However, rather than owning a percentage of 
the whole ISS, different partners each own 
different parts of it. One side of the station is 
entirely owned by Russia, while the other side is 
controlled by the United States, but includes 
modules belonging to the European Space 
Agency and Japan. Agreements allow partners 
to use sections of the space station that don’t 
belong to them. TL 


Ships are normally larger, 
powerful than boats, making 


the oceans. However, subma- 
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The operating costs of the 
SR-71 Blackbird spy plane 
were estimated at $200,000 
(oa hoy@ Ol 0l0) B-Tamatelela 





Why was the Blackbird SR-71 


discontinued? 


Sam Griffiths 

Designed in the 1960s to spy on the Soviet Union, the 
American SR-71 Blackbird reconnaissance plane could 
fly over three times the speed of sound, at altitudes of 
over 25,000 metres. Even today it would still fly faster 
and higher than most 21st century airplanes. So why 
was it retired in the 1990s? After the end of the Cold War 
and the breakup of the Soviet Union, the Blackbird’s 
original job was no longer relevant. At the same time, 


new technologies, such as advanced spy satellites 
and drones, provided new ways to spy on enemies. 
However, the major reason was cost. The Blackbird 
was in service for over 30 years, and just as old cars 
get expensive to run, so too do old aeroplanes as 
parts need replacing and systems need updating. 
As military budgets were cut after the Cold War 
ended, this remarkable old aircraft was just too 
expensive for the future. TL 


Why do athletes use ice baths? 


John Macintyre 

Ice baths or cold rooms cause athletes’ blood 
vessels to contract, reducing blood flow and 

eC UAKcaatclabarcmmercmbaviccbeebst-lulejamerleli-vomeymonluiciel(= 
damage. The ice bath treatment involves sitting waist 
deep ina bath at around ten degrees Celsius. 
Although many sportspeople swear by this popular 
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recovery aid, the science behind it is inconclusive. An 
ice bath may reduce soreness and swelling, but 
cannot reverse the injury itself. A review of 17 studies 
concluded that while cold water immersion did 
reduce muscle soreness by about 20 per cent, it was 
no more effective than other remedies such as 
stretching or taking ibuprofen. AC 
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How do plants 
protect themselves 
from sunburn? 


Francis Barrett 


m™ Plants produce their own chemical sunscreens, known as flavonoids, 
which shield them from the harmful effects of UV-B radiation. Exposure 

to UV-B light stimulates a doughnut-shaped photoreceptor protein called 
UVR8, which in turn activates genes that produce flavonoids. This ‘sun 
block’ is then deposited on the outer tissues of leaves, where it absorbs UV-B 
rays, preventing them from entering deeper into the leaf Exposure to UV-B 
light also stimulates the production of enzymes that repair damage to DNA, 
to minimise any harmful effects of the UV-B rays. AC 


What happens 
to coins thrown 
into fountains? 


Alison Fry 

® Whether it brings you luck, grants your 
wishes or simply costs you a penny, 
throwing coins into fountains certainly 
benefits someone. Eventually all that loose 
change is collected by the fountain’s 
owner, who may pocket it themselves, put 
it towards the upkeep of the fountain, or 
donate it to charity. Up to £3,000 of loose 
change collected each day from Rome’s 
famous Trevi fountain goes towards 
running asupermarket for the city’s poor, 
while the Mall of America in Minnesota 
lets non-profit organisations apply fora cut 
of the £18,000 a year thrown into its various 
water features. JS 


Tossing a coin into a fountain could benefit a worthy cause 
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have we 


Lizzie Harfield . 


How man 


BRAIN DUMP 


galaxies 
iscovered? 


It’s believed there are hundreds - 
billions of galaxies in the observable 
universe, hut the exact number isn’t ‘ 

* known. To countthem all, astronomers 
need to beable to look deep enough into 


Plants over- 
exposed to UV-B 
have stunted 
growth and are 
susceptible 

to disease 
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Many languages, such as ancient Egyptian, slowly 
died out as others started to dominate 








Sammy Sinclair 


® Laughing gas, or nitrous oxide, is used for pain relief. It is a small 
molecule, and when it gets into your bloodstream it travels to the 
brain and interferes with the transmission of chemical signals from 
one nerve cell to the next. It has three main effects - pain relief, 
relaxation, and anaesthesia - and it’s the relaxation component that 
makes you laugh. It has been called ‘laughing gas’ for over 200 years, 
and it was originally used recreationally because of the pleasant 
effects it can have on the brain. However, it can have dangerous 


side-effects if used without medical supervision. LM 





Why does laughing 
gas make you laugh? 


SJ oye (eemrsalemtsbacyelelercdemesslel@neunuer(omnenscr= 
when galaxies were formed. Using current 
telescopes, they can see galaxies just over : 
13 billion light'years away, but the universe : - 
is 13:8 billion years old, so there isstillsome 
way to go. Plus, each telescope can. onfysee *. + 
a small area ofsky ata time, so astronomers 
can only use their images to make an 
estimate of how many galaxies: areinthé 
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Eyen by focussing (0) r=) 

tiny patch of apparently 
_ empty space, the Hubble 
telescope.can detect 
thousands of galaxies 
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Why do 
languages die? 


Michelle Wilson 

™ There were once an estimated 20,000 
different languages spoken throughout the 
world, but now there are less than 7,000. 
The most common way a language 
becomes extinct is when one language 
spoken by a bilingual nation becomes more 
socially dominant than the other. If 
someone is more likely to find a job or make 
friends speaking a particular language, 
then they are likely to favour that one and 
drop any others they can speak. 
Alternatively, the two languages may 
gradually merge into one, as the minority 
language borrows more and more words 
and grammar from the dominant one until 
they become inseparable. JS 
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All tea leaves come from 
Camellia sinensis, a plant 
native to India and China 
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What’s the 
difference ie ee SA 3 
black, at PX 


| L NAG ON 18 mes 
tara _ —_— - Do dock leaves really 


Madeleine Wheeler soothe nettle stings? 


™ Black, green, and white teas are all made from leaves of the same Carrie Rutherford 

species of plant, but their differences arise from the level of oxidation that m@ When you brush against a stinging nettle, tiny hairs on the leaf pierce 
they have undergone during processing. Once tea leaves are picked, they your skin, injecting you with various chemicals that cause a painful 
begin to wither. Exposure to oxygen triggersa series of chemical reactions Stinging sensation. When this occurs, many people will instantly begin 









Tt 





that cause the leaves to turn brown, but it also triggers the production of hunting fora nearby dock leat, claiming that rubbing it on the affected 
chemical compounds that change its flavour. White tea is produced from area soothes the pain. However, no one quite knows why itseems to help. 
the youngest tea leaves, which are allowed to dry naturally, resultingina | Someclaimitis because dock leafsap is alkaline, so it can neutralise the 
low level of oxidation. At the other end of the spectrum, black tea formic acid found in nettle hairs, but the sap is in fact acidic too. Others 
undergoes more extensive processing. First leaves are left to wilt in claim that dock leaves contain a natural antihistamine that works against 
sunlight. Then they are crushed, creating cell damage that helps oxidation the pain-inducing histamine ofstinging nettles, but there is no scientific 
to occur, and exposed to warm, humid conditions. Finally, heating in an evidence that this is the case. Therefore, the common consensus is that the 
oven terminates the oxidation process. A higher degree of oxidation leaves merely have a placebo effect, reducing the pain because you believe 
increases the production of compounds called xanthines, including they have soothing properties. JS 
caffeine, and gives black tea its dark colour. AC 

How can a person have a ‘net worth’? 

Ciara Elsen 


A person’s net worth 
is all the value of 
their assets minus 
their debts 


® You might think that only the rich and famous have 
anet worth, but everybody has one. Put simply your 
net worth is the value of your assets, minus any debts 
that you might have - it’s a measure of your financial 
wealth. Assets are the value of all your money and 
any property, shares, investments, cars, antiques and 
other things of value that you own. Debts are 
everything that you owe, suchas loans and bills. 
Deduct debts from assets and you've got your net 
worth - but it probably says more about the things 
that you have than the sort of person you are. TL 





Why do identical twins have 


different fingerprints? 2 


Isobel Thornton 
® Identical twins don’t have identical fingerprints 
because of how fingerprints form. The whorls and 


ridges form during compressions of the skin ona FASCINATING | 1) Og poy 
foetus’s fingers, in a similar way to land masses buckling 


to form ridges under compression. Not everything is Why does mouthwash feel hot? 





alike about identical foetuses in the womb; their 
positions, the lengths of their umbilical cords, their 
movements, and their exposure to chance fluctuations in 
hormones will be different. These factors can all affect 
how the fingerprints of identical twins are formed, so 
although they may have similarities, they will always be 
slightly different. SF 


Tom Riley 


@ The alcohol in many mouthwashes can leave your 
mouth feeling fiery. Some mouthwashes also contain 
ato) mal [ale |a=vol(=)1ecM || ,comors] an] ©) ae) emsle ler] \V, 0) a0 oem! lalarelanleyar 
or peppermint to help freshen your breath. SF 
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A cat’s extra toes are cute, 
but they aren’t leading to 
opposable thumbs | 


- [tts true that cats are evolving thumbs? 
toes aren't opposable like thumbs are, 

so there’s no evidence that polydactyly 
means cats are evolving thumbs. The 
Guinness World Record holder for most toes 
on a cat is seven toes on each foot for a total 

of 28, held by Jake of Ontario, Canada. No 
word as to whether he can open his own cans 
of food, though. SF 


Peter Slymm 

™ Cats usually have five toes on their front 
paws and four on the back paws. However, 
Xo) anCous Daou ele) eeMtsleemelencon-stcdelmuel-cneame)alone)s 
more of their feet. This genetic mutation, 
called polydactyly, is common in cats. 
Although these extra toes can allow felines to 
get a better grip with their front paws, the 





















SMatclal.eomuemeiy 
badgers and 
red foxes are 

the largest 
(ore ] aT AVLe) Keys 
left in the UK 


How many 
species have 
been made 
extinct because 
of humans? 


Josh Walker 

It’s impossible to give a definitive 
numerical answer, but it’s likely to be 
far higher than the impact of any other 
species. No other animal changes its 
environment as much as we do, and 
our activities have knock-on effects 
that impact thousands upon thousands 
of other species. According to a paper 
published in 2014, extinction rates are 
1,000 times higher than they would be 
if we weren’t around. 
Take a look at the UK, for example. 
Thousands of years ago, the land was 
covered in thick forest, and bears, 
wolves, lynxes and even woolly 
mammoths roamed the land. We 
stripped out the trees, hunted the 
animals, and turned natural landscapes 
into farms and concrete jungles. LM 







What's the difference 
between mitosis and 
meiosis? 


Christian Armstrong 

Both mitosis and meiosis are types of cell division. Most of the cells in your body 
have two full sets of chromosomes: one from your mum and one from your dad. 
When these cells divide for growth and repair, the parent cell makes a full copy of 
its genetic code before splitting in two, giving two full sets of chromosomes to 
each daughter cell. This type of cell division is called mitosis. However, there are 
two types of cell that only need one full set of chromosomes: sperm and eggs. 
When these cells are being made, the parent cell splits into four, and each gets just 
one set of chromosomes. This is meiosis. LM 
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How does plastic 
get broken down 
by sunlight? 


Nick Richards 

We know that ultraviolet light from the 
Sun can be harmful to our skin, but it can 
also damage plastics. UV light is made up 
of high energy photons, and when they 
slam into molecules they can break the 
bonds that hold them together. This 
process is known as UV degradation. 
Plastics are made from long chains called 
polymers and, when UV light hits, these 
can start to break apart. The chains 
are chopped into shorter fragments, and 
this has disastrous effects on the structure 
of the plastic, causing it to become 
weakened, brittle and discoloured. 
Different types of plastic are damaged by 
sunlight in different ways. PVC, as found 
on window frames, can become chalky as 
the top layer of plastic breaks down to 
reveal particles that were once trapped 
inside its structure. Polystyrene, on the 
other hand, goes yellow, and gradually 
loses its elasticity. LM 
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Forgotten 


ristory 


Wonderfully weird but 
true tales you werent 
taught in school 


Author: Jem Duducu 
Publisher: Amberley 
Price: £20 (approx. $35) 
Release date: Out now 





ere at How It Works, we are firm 
believers in history being an exciting 
subject to explore, rather than just a dull 
list of dates and names. From menacing 
monarchs and bloody battles, to extraordinary 
minds and crazy inventions, the past is littered 
with remarkable stories worthy of the big 
screen. However, there are also quite a few 
little-known tales that are just as fascinating, 
yet have been left out of the blockbuster scripts. 
Forgotten History is a collection of these funny, 
fascinating and sometimes flabbergasting 
stories that you won't have discovered at the 
movies, or indeed in your school textbooks. 
The idea of the book stems from author Jem 
Duducu’s successful social media account 
(@HistoryGems), from which he regularly posts 
fun history facts. Realising the demand for 
these short snippets of forgotten information 
— his Facebook page now has over 40,000 likes 
—Jem decided to compile them into a book, 
allowing him to go into a bit more detail about 
some of his favourite anecdotes from the past. 
Great for those with a short attention span, 
each story lasts between a few paragraphs and 
a few pages, making it easy to dip in and out 
of the book, but beware, you’re more likely to 
find yourself unable to put it down. In-depth 
research and compelling storytelling make 
each tale just as fascinating and entertaining 
as the last, and we defy you to resist reading on 
when the next sub-heading reads ‘The story of 
the Nazi super cows’ or ‘Was Jesus’s younger 
brother Chinese?’ 
The book covers tales from ancient history 
right through to the 2oth century, with 
myths busted - did you know that croissants 
aren't actually French? - and new characters 
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introduced - you're guaranteed to be impressed 
by Sergeant Stubby, the most decorated dog 

in World War One. After reading just a few 
pages, you will have a bank of stories certain 

to impress your friends, from the hilarious 





tale of the statue put on trial for murder, to the 
evidence of real-life Hobbits standing at just 
one metre tall. It’s baffling to think that all of 
these stories are true! 
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How The Zebra 
Got Its Stripes 


Just So stories with a 
Darwinian twist 


Author: Léo Grasset 

Publisher: Profile Books 

Price: £9.99 (approx. $13) 
Release date: 27 October 2016 


Questions like this 

have been the laa 
subject of light- How [he 
hearted children’s /t BkA 
books for years, but Got Hts 5 
here Grasset instead 5 friP! 
looks at these 
questions through ie 


Darwin’s eyes. With 
evolutionary theory and his own 
observations at the forefront, Grasset 
covers a number of animal peculiarities, 
such as the air conditioning of termite 
mounds, or the navigational abilities of 
the dung beetle. 

The book flits from subject to subject 
a little too quickly at times, but usually 
does a good job of explaining a subject 
and casting a scientific eye on the 
question. For the most part, the 
answers are just theoretical, whichis a 
little unsatisfying, but this is stilla 
unique and interesting take on 
evolutionary theory. 


Pirate Radio: 
An Illustrated 
History 


An in-depth look at the 
rebels of radio 


Author: Keith Skues & David Kindred 

Publisher: Amberley 

Price: £17.99 / $28.50 

Release date: Out now 
While this one is aimed directly at those 
with an interest in the history of pirate 
radio, it still does a good job ofintroducing 
the subject to those less knowledgeable. 
The black-and-white photographs 
throughout the book give a fantastic ‘fly-on- 
the-wall’ view of what life was like on the 
boats that broadcast the pirate stations 
starting in the 1960s, while Skues and 
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Geek’s Guide 
to Britain 

A day-trippers guide 
to science and 

tech in the UK 


Author: Gavin Clarke 

Publisher: The Register 

Price: £19.99 (approx. $26) 

Release date: Out now 
Which country is credited with 
designing more than half the world’s 
most important inventions? You might 
think it is Japan, or the US, but in fact it 
is the UK. To celebrate this, Gavin Clarke 
put together the Geek’s Guide to Britain, 
in which writers explain the importance 
of different sites around the UK. From 
GCHQ in Gloucester to London’s Brunel 
Museum, the book covers a range of 
locations that are either good for a visit, 
or just interesting to hear more about. 
It’s not the most gripping book, but it 
does go to show just how much 
technological history Britain has. 





Kindred describe the lifestyle of those on 
board, the government’s opposition (and 
attempts to shut the stations down), and 
the political movement that the 
presenters became part of asa result. 

The stories, while interesting, will be 
most fascinating to those that lived 
through the era and who want more 
information about the stations to which 
they used to listen. 


BOOK REVIEWS 
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LEDGE MAGAZINE FOR LESS WHEN YOU SUBSCRIBE! 


Every issue 
packed with... 


Fascinating facts and mind-blowing science and tech 
Incredible photos and illustrations 
Insightful features and reviews of the latest gadgets 


Your questions answered 


Why you should 
subscribe... 


Save up to 36% off the single issue price 
Immediate delivery to your device 
Never miss an issue 


Available across a wide range 
of digital devices 
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Skills for surviving the modern world 








Create a 


levitating orb 


Discover static electricity’s power of 
repulsion with this easy experiment 
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F YOU’RE UNDER 
18, MAKE SURE 
YOU HAVE AN 
ADULT WITH 
YOU 


. 


Prepare the equipment 
You will need a 60cm-long PVC 
pipe (you can buy this ata 
hardware shop) and the thinnest 
strands of Mylar tinsel you can 
find (try looking for Christmas 
decorations). The lighter the tinsel, 
the more likely it is to levitate 
successfully - one millimetre 
thickness is ideal. You'll also need 
a pair of scissors plus a head of 
clean, dry hair or a woolly jumper. 





Start floating 

After ten seconds of rubbing, 
the pipe will be ready. Hold the 
tinsel up and bring the pipe below 
it. Once you release the tinsel it will 
first drop down on the pipe but will 
then rise into the air. The pipe has 
gained electrons from your hair, 
which then pass to the tinsel 
through electrostatic induction. 
The negative charges repel each 
other, causing the orb to float. 





WILDEST 
BIRTHDAY 
EVER 


Take a look at all the fun taking place this year 
to celebrate one hundred years of Cub Scouts 


cubs1l00.org 


Want to join the adventure? Head over to: 
scouts.org.uk/get-involved 


Cubs100 logo and copyright The Scout Association Registered 
Charity no 306101 (England and Wales) and SC038437 (Scotland) 
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Recharge the static 

As well as being repelled from 
the pipe, the tinsel orb will be 
attracted to positively charged 
items in its surroundings 
including household objects and 
yourself. You can repeat the 
floating experiment time and 
again until the pipe loses its 
electrons. This usually happens 
after around ten minutes of use. 
The pipe can then be charged 
again by rubbing it on your hair or 
a woollen jumper. 


2 Create the orb 

Lay out six strands of tinsel 
and knot them together at one end. 
Then make another knot 15cm 
along from the first one, cutting off 
any loose strands. Now, grab the 
PVC pipe and rub it through your 
hair. This is called ‘tribocharging’, 
and causes static electricity to 
build up on the surface of the pipe. 
To avoid messing up your hair, a 
wool jumper will work just as well. 


Keep the orb floating 

The tinsel will turn into an 
orb-like shape as it rises. This is 
due to each single strand having a 
negative charge, so they all repel 
each other. If the orb fails to 
levitate it could be due to a lack of 
static in the pipe so try rubbing it 
on your hair for longer. The static 
charge is quite weak, so be sure to 
use the lightest tinsel you can find 
to get your orb floating. 


In summary... 

Static charge is generated when a 
material has an unequal amount 
of positive charge (protons) and 
negative charge (electrons). This 
can happen when two materials 
rub together and the protons or 
electrons transfer from one to 
another. You may have noticed 
static charge making your hair 
stick up after sleeping ina tent! 


Disclaimer: Neither Imagine Publishing nor its employees 
can accept liability for any adverse effects experienced after 
carrying out these projects. Always take care when handling 
potentially hazardous equipment or when working with 
electronics and follow the manufacturer’s instructions. 
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Make a funnel roll uphill 


This setup seems to defy gravity, but the funnel’s motion is all due to the laws of physics 
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Tape the funnels Create the ramp 

The first step is to gather your equipment. Move the lower ends of the boards closer 
For this experiment you will need:twofunnels together to make the ramp V-shaped. Rest the 
of the same size and shape, two wooden funnels at this narrow end of the boards and 


boards, a thick book and plenty oftape.Laythe let them go. The funnels will move towards the 
bookat oneendofthetableandlaytheboards higher end of the ramp, giving the illusion that 


on it to make a ramp. The boards need to be they’re rolling uphill, supposedly defying 
about 15 centimetres apart. Fasten the wide gravity. Once they reach the top, you can even 
ends of the two funnels together with tape to give them a little push downwards and they 
make one object. will spring back again. 


In summary... 

The centre of mass is the point at which an object’s mass is balanced in all directions. For the 
funnels, it lies in the centre of the circle where they are joined together. They start moving up 
the ramps because their centre of mass is falling due to gravity — just as Newton’s law of 
universal gravitation would predict. The ‘falling uphill’ motion is just an optical illusion! 





Constellations Easy control 
The in-built audio guide provides You can interact with the 
descriptions of the 88 constellations, along Universe2go using 
with the mythology behind their names. simple head movements. 
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Test the science 

Despite how it looks, the funnels are still 
technically falling. As the two wooden boards 
are getting gradually wider, a narrower part of 
the funnels contacts them, and they drop 
slightly. This means their centre of mass is 
actually still falling towards Earth as you 
would expect. You can try this experiment with 
different equipment, to see if the effect is the 
same. An alternative setup is to cut two vertical 
slits in a cardboard box and slot long rulers in 
to form the ramp. How steep can you make it 
before the funnels stop rolling ‘uphill’? 


VIN: 


A personal planetarium worth £79! 


The Universe2go is an interactive viewer that combines real starfields 
with digital information for a truly out-of-this-world experience! 
Through the viewfinder you can journey to distant galaxies, navigate 

the Solar System and learn more about the constellations. 


Where would you find Uluru? 


a) Canada 


b) The Philippines 


c) Australia 


Illustrations by Ed Crooks 


Enter online at www. howitworksdaily.com and one lucky reader will win! 
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Dear HIW, 


It goes without saying that your magazine 
is a great read every month. Having been a 
subscriber since day one, | have had many 
questions, which have eventually been 
answered over the years. However, | have 
one that remains unexplained. 

When astronauts break through Earth’s 
gravity, they are several miles high. When 
travelling to the Moon, how close to it 
would a ‘weightless’ astronaut have to be 
to feel the effects of its gravity? Or is it not 
felt at all? 

Steve Lomax 


The greater an object’s mass the 
stronger the force of its gravity, so 
the Moon, which is about a quarter 


What's happening on... 


Twitter? 


Make sure you follow us 
@HowltWorksmag for 
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of the size of Earth, has gravity that 
is only 17 per cent as powerful as 
Earth’s. This means the effects 
would be felt less by astronauts, but 
there would still be some effect on 
their bodies during both the descent 
to the Moon and on the surface. 

A study in 2014 showed that 
humans need 15 per cent gravity to 
stand upright. That means there is 
just about enough to do so on the 
Moon, and explains why the Apollo 
astronauts were so prone to falling 
over! You could argue that 15 per 
cent gravity is where the astronauts 
are no longer ‘weightless’, but the 
exact distance from the Moon at 
which this happens isn’t clear. 


Under pressure 
Dear HIW, 


| love your magazine and have subscribed 
to it. | was just wondering what causes 
pressure points on your body and why 
some people have them and some don’t? 
Cosmo Maclellan (aged 12) 


Pressure points are sensitive areas of 
the human body. They are primarily 
located at clusters of nerves, 
including at your temples, the back of 
your neck and the meaty part of your 
hand at the base of your thumb. When 
you apply pressure to these areas, the 
nerves are pushed against bone or 
muscle, and electrical signals are fired 
to the brain. This is likely to cause 
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One-legged 
sleep 


Dear HIW, 
| love your magazine and haven't missed a 
single issue! But my question is one | have 
been pondering for quite a while now. 
Why do flamingos stand on one leg while 
they sleep? 
Megan Tough (aged 11) 





pain, as your body tries to restore the 
nerves to their normal function. 
However, between 10 and 15 per cent 
feel very little, and it’s not known why. 
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Pressure points were used in martial arts 
to take down larger adversaries 





Flamingos stand on one leg more 
often when in water than on land, 
leading biologists to believe that the 
strange habit is to do with 
temperature regulation. Water draws 
away more body heat than air, so by 
keeping one leg out, awake or asleep, 
a flamingo will lose less heat, 
stopping it from getting cold and 
even having potential tissue damage. 








How strong is the Moon’s gravity? 


Astronaut James Irwin 
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to the Moon’s gravity 


A trip to the 
dentist 


Dear HIW, 
| had one of my teeth out earlier this week, 
and they used an anaesthetic, so how 
exactly does this work? 
Jacob Maginn (aged 11) 


The anaesthetics used by dentists 
numb the tissue around your teeth. 
They do this by blocking sodium 
channels within the nerves so that no 
electrical signals are sent to your 
brain registering the pain. Nerve 
conduction is blocked until the 
anaesthetic is chemically broken 
down by your body’s defence systems 
and feeling returns to the area. The 
anaesthetic used by your dentist 
when you had your tooth out is likely 
to have been lidocaine. 


Lidocaine is known as a vasoconstrictor, 
as it contracts blood vessels 
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How Can Integrative 
Medicine Benefit You? 


Complementary and alternative medicine, or CAM, was once the common 
name for therapies once considered “alternative.” As physicians integrated 
more of these treatments, such as herbal supplements, into their medical 
practices, the term CAM has given way to integrative medicine. 


The Science of Integrative Medicine, produced in collaboration with 

Mayo Clinic—widely regarded as one of the finest health institutions in the 
world—provides you with 12 detailed lectures on the science-based facts and 
historical context of commonly used integrative treatments. Taught by Brent 
Bauer, M.D., director of Mayo Clinic’s Complementary and Integrative 
Medicine Program, this course provides you with an illuminating exploration 
of many genuinely beneficial treatments. Dr. Bauer introduces you to more 
than a dozen scientifically tested, integrative approaches including meditation, 
hypnosis, and acupuncture, empowering you to take your health options into 


your own hands. 


THEGREATCOURSES.CO.UK/6HIW 
0800 298 9796 


The Science of 
Integrative Medicine 


Taught by Brent A. Bauer, M.D. 
MAYO CLINIC 


LECTURE TITLES 


@xeyan}e)(=)ant=yaltslavars lace (alcsepe-1 iow utero l (el lal 
Making the Case for Integrative Medicine 
Herbal Supplements 

Supplements in Practice 

i itate ts =xerehVal\U(=xel (ell ar 

Guided Imagery, Hypnosis, and Spirituality 
eaesleati-jiale Mis coreliksiaceyal 

WW KodViT ale Mm /(ovelitshite] abi Colet- Mam is] @lalmm-lalem@]mCrelate 
Relaxation Therapies 

Effective Acupuncture 

WW Fekssstsle =m Mal=ies]e)vars] arene) e)iatslmivtslalieleirsiiceyal 


Living Well 


The Science of Integrative Medicine 
Course no. 1948 | 12 lectures (30 minutes/lecture) 


DVD £29:99 NOW £11.99 
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+£2.99 Postage and Packing 
Priority Code: 124582 


For over 25 years, The Great Courses has brought the 
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deeper into the subjects that matter most. No exams. No 
homework. Just a world of knowledge available anytime, 
anywhere. Download or stream to your laptop or PC, or 
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550 courses available at www.TheGreatCourses.co.uk. 


The Great Courses®, 2nd Floor, Mander House, Mander Centre, 
Wolverhampton WV1 3NH. Terms and conditions apply. 
See www.TheGreatCourses.co.uk for details. 
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